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BENJAMIN FRANKLIN SHUMARD. 

In the current literature of geology forty years ago there 
were few American names that appeared more frequently and 
stood more honorably than that of Dr. B. F. Shumard of St. 
Louis. With the exception of that of Dr. D. D. Owen, his was 
associated with more of what was known of the geology of the 
country west of the Mississippi than any other. In the car- 
rying out of a purpose to gather together in the Geologist brief 
memoirs of the early geologists of the western and particularly 
of the northwestern part of the country, we are impressed with 
the record of careful paleontological work which Dr. Shumard 
accomplished under the constraint of unfavorable circumstan- 
ces, and with the general correctness of the ideas which he enter- 
tained of the geology of the country. His work extended from 
Minnesota and Oregon to Texas, but was interrupted by the 
war of the Rebellion. The following sketch is condensed from 
information furnished chiefly by Dr. A. Litton of St. Louis,, 
and from biographical sketches of Shumard, one by Dr. L. P. 
Yandell, published in the Wester7i Jourrial of Medicine, In- 
dianapolis, Dec. 1869, and another by Mr. L. Gray, which ap- 
peared first in the editorial columns of the '^Missouri Repuhli- 
can" and subsequently in Vol. xlviii (2nd ser.) of the Aineri" 
can Journal of Science. The accompanying portrait is re- 
produced from a photograph in the possession of Dr. Litton. 
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2 . 'SingUmin Franklin Shumard. 

Benjamri:\ /Franklin Shumard was born Nov. 24, 1820, at 

LancjaaJb^/ Pennsylvania. His father, John Shumard, was a 

difecfTlescendant of the Huguenots, a man of rare intelligence, 

^. •xsuijure and moral worth. His mother, the daughter of a dis- 

.•.".** finguished inventor of Philadelphia who was at different times 

*•;*•.' also an author, editor and publisher, and who received high 

honors in both civil and military life, is described as having a 

"taste for letters conjoined with sound judgment, deep piety 

and natural sweetness of disposition." 

Thus the childliood and early youth of Dr. Shumard were 
spent in that best of all training schools, a cultured christian 
home ; and here were laid the foundations of his pure and lofty 
character. 

In 1835 his father removed to Cincinnati and soon after, at 
the age of 15 the son entered Miami University, Oxford, Ohio. 
Here he remained three years, an earnest and successful stu- 
dent. At the end of that time and before he had finished his 
course, his father returned to his native state, taking the son ' 
with him. Two years later he entered the Medical College of 
Philadelphia, but left after one year to accompany his parents 
to Louisville, Kentucky. Here he continued his medical stud- 
ies and graduated with distinction from the Medical Institute 
of Louisville, in 1842. He entered upon the practice of his 
profession in a small town in Kentucky where he was a 
. stranger to all ; and his extreme modesty, scholarly tastes and 
love for science prevented his making acquaintances or secur- 
ing much practice. His father said sadly when he returned 
home discouraged at the end of the year, that he was "afraid 
Benjamin had so many rocks in his head there was no room 
left for medicine." His mother sympathized with his love for 
science and urged him to pursue his investigations and his 
geological studies. In Prof. Cobb he found a congenial spirit, 
and together they explored all the localities rich in organic 
remains in the \acinity of Louisville, and made collections of 
fossils. In the study of these Dr. Shumard's medical educa- 
tion was an invaluable aid. 

When Mr. Edward de Verneuil, in the course of a tour to 
determine the parallelism of the paleozoic formations of North 
America with those of Europe, visited Louisville in 1846 he 
was delighted at finding in Shumard's collections fossils so 
analogous to many in his own cabinet as to fix beyond doubt 
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the equivalency of the corresponding formations, and in token 
of his appreciation of the work of the young scientist he pre- 
sented him with a copy of his splendid work on the Paleon- 
tology of Russia. 

Dr. D. D. Owen visited Louisville with M. de Verneuil and 
soon after appointed Dr. Shumard as assistant on the survey 
of the northwestern territories. He continued in this work 
for four years and took a prominent part in the preparation 
for and contributions to those important earliest government 
reports, viz : The geology of Wisconsin, Iowa and Minnesota. 

During this time, in 1847, he prepared a paper under the 
title of ^^Contributions to the Geology of Kentucky," which 
contained many new facts of observation and is still referred 
to by those who have occasion to notice the organic remains 
of Kentucky. This attracted unusual attention, and made his 
name familiar to geologists in Europe and America. 

In 1850 Dr. Shumard accompanied Dr. Evans to assist in a 
geological reconnaissance of Oregon. He spent eighteen 
months in this work and prepared the paleontological report. 
During the year following he was occupied in identifying the 
fossils collected by his brother in an expedition for explora- 
tion in the Red River region under Capts. B. B. Marcy and G. 
B. McClellan. 

In 1853 he was appointed assistant geologist and paleontolo- 
gist of the Missouri geological survey under Prof. Swallow. 
He gave his usual diligence and fidelity to this work until 
called in 1858 by governor Runnels of Texas to take charge of 
the newly authorized survey of that state. 

He entered upon this great work with enthusiasm and in the 
hope and expectation of being able to carry it forward to its 
completion. For two years he pursued it industriously and 
made a reconnoissance of the entire eastern and middle por- 
tions of the state. He made the interesting discovery that the 
geological deposits of Texas are the most complete of any 
known on the continent of America, ranging from the Arch- 
jean up to the latest Tertiary formations. The specimens 
collected during the continuance of the survey were arranged 
preparatory to writing his report, when Gen, Houston, who had 
just been elected governor, removed him from office to make 
room for one of his political supporters. A short time after , 
the war of the rebellion broke out, and put an end to geologi- 



4 Benjamin Franklin Shumard. 

cal surveys for the time in our country. Dr. Shumard returned 
to St. Louis and with difficulty succeeded in rescuing his 
library from Austin after the close of the war. Soon after 
his return from the Oregon expedition in the autumn of 1852 
he married Miss E. M. Allen of Louisville, a lady of rare liter- 
ary attainments, and of congenial tastes, who had made his 
home in Austin, as well as in St. Louis, a delightful one. 
Upon his return to St. Louis in 1861, he resumed the practice 
of his profession as a means of support for his family. With 
this stimulus he succeeded in winning not only the support 
he sought for his family, but position and competence in a 
profession which had been abandoned for fifteen years. He 
was elected professor of medicine in the University of Missouri 
in 1866. After two years of successful work in this field con- 
sumption developed. He declined rapidly and died the 14th of 
April 1869,. in the 49th year of his age. His wife and two 
daughters survived him. At the time of Dr. Shumard's death 
he was president of the St. Louis Academy of Science, and 
corresponding member of the Academies of Philadelphia, Cali- 
fornia, Cincinnati and New Orleans, in America. He was also 
a corresponding member of the Geological Society of London, 
the Geological Society of France, the Imperial Geological So- 
ciety of Vienna and the Imperial Geological Society of Darm- 
stadt. 

His labors have attracted the attention of geologists in all 
countries. The high estimation in which they are held is 
attested by the constant reference to them in later works that 
relate to the geology of North America. 

LIST OF THE FUBLIOATIONS OF B. F, SHUMARD. 

1847 — Contributions to the geology of Kentucky. Western Journal of 
Medicine and Surgery. 

1851 — Geological report of local detailed observations in the valleys of 
the Minnesota, Mississippi and Wisconsin rivers, made in the years 
1848 and 1849. Owen* 9 report on the geology of Wisconsin^Iowa and 
Minnesota, p. 481. 

— Descriptions of one new genus and twenty-two new species of 
crinoidea, from the Sub-Carboniferous limestone of Iowa. (Con- 
jointly with Dr. Owen.) Owen^s Report, I., Wis. and Minn. p. 587. 
[First published in the Jour. Phil. Acad. Sciences, vol. ii, 2nd Ser. 
p. 57.] 

— On the number and distribution of fossil species in the paleozoic 
rocks of Iowa, Wisconsin and Minnesota (Conjointly with Owen.) 
Proc. A. A. A. S.y 1851, p. 235. 

1852 — Descriptions of seven new species of Crinoidea from the sub-Car- 
boniferous limestone of Iowa and Illinois. (Conjointly with Owen). 
Jour. Phil. Acad. Sciences, vol. ii, 2nd Series, p. 89. 
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This year he contribated to the report of Marcy & McGlellan on 
the Exploration of the Red river. 
1855— Deacnption of a geological section on the Mississippi river from 
St. Lonis to Commerce ; and descriptions of new species of organic 
remains. Secondreport Qfl, Sur.sHo. pp. 139, 185. 
1856— On some new species of fossils from the Cretaceous of Nebraska 
territory. Evans & Shumard. St. Louis Acad, Set, vol. i. No. 1. 
p. 38. 

Description of new fossil crinoidea from the paleozoic rocks of the 
western and southern portions of the Unitecf States. Trans, St, 
Louis Acad, vol. i. No. 1. 
1857 — Discovery of the Permian Formation in New Mexico. Trans, St, 
Louis Acad, vol. i, No. 2. 

Description of new fossils from the Tertiary formation of Oregon 
and Washington territories, and the Cretaceous formation of Van- 
couver's island, collected by Dr. Evans, Trans, St, Louis Accul, vol. 
1. No 2, p. 120. 

Descriptions of new species of blastoidea from the paleozoic 
rocks of' the western states, with some observations on the struc- 
ture of the summit of the genus Pentremites. Trans. St, Louis 
Acad, vol. I, No 2, p. 238. 
1858 — Notice of new fossils from the Permian strata of New Mexico 
and Texas, collected by Dr. G. G. Shumard. Trans. St, Louis 
Acad. vol. I, No. 2, p. 290. 

Notice of fossils from the Permian strata of Texas and New Mex- 
ico obtained by the United States expedition under Capt. John 
Pope for boring artesian wells, with desoriptions of new species 
from those strata and the Coal Measures of the region. Trans. St. 
Louis Acad. vol. i. No. 3, p. 387. 
1859 — Observations on the geology of St. Genevieve, being an extract 
from the report made to the Missouri Geological Survey in 1859. 
Trans, St, Louis Acad, vol. i. No. 3, p. 404. 
1860 — Observations upon the Cretaceous strata of Texas. Trans. St. 
Louis Acad. vol. i. No. 4. p. 582. 

Descriptions of new Cretaceous fossils from Texas. Trans. St, 
Louis Acad. vol. i. No. 4. p. 590. 

Notice of Meteoric iron from Texas. Trans. St. Louis Acad. vol. 

I, No. 4. p. 622. 

Descriptions of five new species of gasteropoda from the Coal 
MeasurcH and a brachiopod from the Potsdam sandstone of Texas. 
Trans. St. Louis Acad. vol. i, No. 4. p. ()24. 

Dicotyledonous leaves in Cretaceous strata of Texas. Traris. St. 
Louis Acad. vol. ir, No. 1. p. 140. 

Vertical section of Silurian strata of Cai)e Girardeau county, Mo. 
Trans. St. Louis Acad. vol. ii. No. 1. p. 156. 

Sketch of the life and scientific labors of Dr. John Evans. TraM«.<S(. 
Louix Acad. vol. ii, No. 1. p. 162. 
1862 — New fossils from the primordial zone of Wisconsin and Missouri. 
Trans, St. Louis Acad. vol. ii, No. 1. p. 101. 

Descriptions of new^ paleozoic fossils. Trana. St. Louis Acad. vol. 

II, No. 1. p. 108. 

Notice of a (supposed) meteorite. Trans. St. Lauis Acad. vol. ii, 
No. 1, p. 183. 
1865 — On oil springs in Missouri. Trans. Si, Louis Acad. vol. ii, No. 2, 
p. 263. 

A chronological list of works on the paleozoic echinodermata of 
North America. Trans. St. Louis Acad, vol. ii, No. 3. p. 335. 

Catalogue of North American paleozoic echinodermata. Trans. 
St, Louis Acad. vol. ii, No. 3. p. 341. 
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Table of genera and species of echinodermata in the geological 
formations of North America. Tvans, St. Loud Acad vol. ii, No. 3. 
p. 401. 
Dr. Shomard's contributions to the report of Dr. Evans on the ^eolo- 

Sr, topography and resources of Oregon has never been published, 
r. Evans aie<i soon after its completion. He was engaged on the 
work actively for five vears. Evans' report was ordered printed by 
Congress in 1860 but tnere seems to have been some informality in the 
execution of the proper order. Shumard closes his sketch of Evans 
(1861) as follows : '*It is earnestly hoped that Congress will, at an ear- 
ly period, make the necessary provision for the printing of this impor- 
tant document, the preparation of which has cost such a large expendi- 
ture of labor and money, and which promises to be of the highest value 
to science and the people for whose benefit the survey was ordered." 
Tram, St. Louis Acad, vol. ii, p. 164. 



STUDIES IN THE INDIANA NATURAL GAS FIELD. 

By Frank Levkrett. 

The excitement occasioned by the discovery of natural gas in 
the Trenton limestone at Pindlay, Ohio, in 1884, has resulted 
in such a honey-combing of the strata of Indiana. Ohio, and 
southern Michigan by deep gas boring as would scarcely have 
been dreamed of five years ago. More than 250 borings made 
in Indiana have reached the Trenton limestone, and several 
have been pushed to still greater depth, some even to the un- 
derlying sandstone. It is obvious that the more numerous are 
these borings, the more complete is our knowledge of the hith- 
erto concealed strata and their products. Minor phases of 
. structure or topography and isolated gas or oil belts which the 
first few borings failed to reveal, are being brought to light as 
the borings increase in number, and generalizations made 
when the borings were few, must in many instances be quali- 
fied as they multiply. It is not the aim of this paper to de- 
velop theories and principles ; its value lies in the fullness of 
the data collected, and in the compactness of their arrange- 
ment which renders comparison easy, thus bringing out their 
significance in a manner not possible to a loose arrangement. 
The well-sections here given, so far as they are not assigned to 
other authorities, were collected incidentally by the writer 
while making a study of the glacial phenomena in the vicinity 
of the gas field. Since our study was carried through every 
township of the area, it afforded excellent opportunity for col- 
lecting the records of the gas borings. Lack of time, however, 
prevented a thorough examination of suits of specimens which 
in a few instances had been preserved. The records of many 
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of the borings were obtained from members of gas companies 
in the towns where they were made, and are considered quite 
trustworthy. Some were obtained from well-drillers. Of about 
one-half of the borings no records have been preserved, and it 
was found necessary to rely upon statements made from mem- 
ory either by well-drillers or by members of gas companies. It 
was feared that many errors might exist in a compilation of 
data, of which so large a percentage was acquired in this way 
but our tabulated sheet fails to discover them, — on the con- 
trary it establishes the general reliability of the sections as re- 
ported. In the accompanying tables the divisions are based 
upon broad differences in structure. It is probable that by an 
elaborate system of optical and chemical analyses of such 
suits of specimens as have been preserved a good classification 
might be made, comparable in the number of groups represent- 
ed, though perhaps not identical with, the outcropping groups 
which appear in other states between the horizon of the De- 
vonian shales and that of the Trenton limestone. We find 
that such a careful analvsis as is called for has not been made. 
A few suits of specimens which have been secured by Dr. A. 
J. Phinney of the U. S. Geol. Survey, have been sufliciently ex- 
amined to satisfy him that several groups not hitherto includ- 
ed in the reports of the Indiana Geological Survey are brought 
to light by these well-drillings. The present status of knowl- 
edge upon this subject is such, however, as to compel us to 
ignore these minor divisions of the **upper limestone" and 
*'lower shales" and recognize but three terranes above the 
Trenton limestone, viz. : the **upper shales," the ''upper lime- 
stones" and the ''lower shales." 

Bouuclaries of the Deconian shales. — Tlie gas borings 
have demonstrated the fact that in north-eastern Indiana the 
Devonian, or upper shales of our table, extend south scarcely 
far enough to cover DeKalb, Noble, Kosciusko and Marshall 
counties, for at Garrett, Columbia City, Larwill, North Man- 
chester and Rochester the upper rock is the limestone which, 
farther north, underlies the shales. In western Indiana thev 
are found to lie entirely west of Logansport, Frankfort, Sheri- 
dan and Indianapolis; but south of the latitude of Indianapo- 
lis they extend farther east, being struck at Greenwood, Frank- 
lin and Edinburgh in Johnson county. 
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Devonian limestone. — 
Judging from outcrope of 
Devonian limestone in 
Hamilton and eoutheastern 
Madison county, at Logana- 
port and elsewhere, we con- 
clude thatmuch of Marion, 
Hamilton, Tipton, Clinton, 
Howard, Caas and Carroll 
counties have a limestone 
of this age as the surface 
rock. Examination of a few 
samples from borings in 
these counties confirms ua 
in this opinion, but since 
we have no better evidence 
than that derived from a 
hurried inspection of the 
color and texture of rock 
drillings in the places where 
no outcrops occur, it seems 
unwise to attempt a com- 
plete separation from the 
underlying Upper Silurian 
limestone. 

Upper Silurian lime- 
a tone-Over eastern Indiana 
the prevailing surface rock 
is the Niagara limestone. 
Here and there it has been 
entirely removed by pre- 
glacial erosion, and in 
southeastern Indiana it is 
entirely wanting, the Lower 
Silurian shales forming the 
surface rock. The Niagara 
probably had, previous to 
its erosion, a general thick- 
ness of 300-4a) feet. It is 
thicker near the west line 
of its outcrop where the De- 
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vonian limestones set in, than it is near the east line 
of the state. How much of this difference is due to original 
inequality and how much to erosion has not been determined. 

Variation in thickness of ^^lower shales-^^ — The "lower 
shales" become gradually thicker from west to east both in In. 
diana and Ohio. By reference to the accompanying tables it 
will be seen that along the western portion of the district 
which they cover, the thickness in Cass and Carroll counties 
falls below 400 feet,' and in Clinton, Boone, Hendricks and 
Morgan counties their usual thickness lies between 400 and 
500 feet. Passing eastward from these counties we find a 
gradual increase, the thickness in the eastern range of coun- 
ties, (south of the Wabash river,) being from 700 to 900 feet. 
Continuing eastward into Ohio, a similar increase is noted, the 
thickness in Madison and Union counties being over 1100 feet, 
as is shown by Prof. Orton's report. (Geology of Ohio, Vol. 
vi). ' A belt taken in the same manner across the north- 
ern portions of Indiana and Ohio shows nearly as great 
an increase in the thickness of these shales, but it lies 
mainly in Ohio, there being at Goshen, Indiana, 560 feet 
and at Bryan » Ohio, but 650 feet. In Ottawa, Seneca, 
Sandusky, Marion and Wyandotte counties, however, the 
thickness averages more than 1,000 feet. This thickening of 
the shales toward the east was not known previous to the gas 
explorations and consequently a mistaken idea has prevailed 
as to the trend of the main axis of the Cincinnati anticlinal, 
north from the Ohio river. Its main axis was supposed to pass 
east of north past the western end of lake Erie into Canada, 
through this belt of thick shale ; but it is now known that the 
main axis passes northwest into Indiana, as we shall presently 
show. There is, however, a minor axis in western Ohio along 
the line formerly considered to be that of the main axis, the 
value of which is shown in the table of altitudes of the Tren- 
ton limestone. 

Cincinnati anticlinal, — The column of the table devoted to 
the altitude of the Trenton brings out the main features and 
also some of the minor phases of the topography of this inter- 
esting formation. 

* The table which pertains to the Ohio district was compiled from 
data given in the volume referred to, and is inserted for purposes of 
comparison. 
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A broad, elevated, nearly level-topped tract, to which Prof. 
Orton has given the names *'arrested anticlinal" and "terrace,*' 
enters Indiana in its southeastern corner and passes north- 
west with a gradual decline in altitude to southern Wabash 
and Miami counties and central Howard county. It underlies 
the greater part of the following counties : Dearborn, Franklin 
Rush, Fayette, Union, Wayne, Henry, Hancock, Hamilton, 
Madison, Delaware, western Randolph, western Jay, Blackford, 
Grant, Tipton, Howard, southern Miami and southern Wabash. 

The highest ascertained points which have come to the 
writer's knowledge are at Brookville and Cambridge City — 175 
and 176 feet A. T. ; and the lowest are in Tipton and Howard 
counties, near the northwestern end of this elevated table, 
where several borings show the Trenton to be 100-140 feet be- 
low tide. That the line of strike lies in a S.E. — N. W. direc- 
tion is evident from the fact that any line of the length, for in- 
stance, of the distance from Cambridge City to Kokomo (about 
75 miles,) taken in any other direction from Cambridge City 
than a general S. E. or N. W. course, would show a much great- 
er descent. For example, at Bluffton, 75 miles north from 
Cambridge City,the altitude is 230 feet below tide, and at Dan- 
ville, some 75-80 miles west, 518 feet below tide, while at Ko- 
komo it is only 83 feet below tide. Amboy, in Miami county, 
and La Fontaine in Wabash county, each about 75 miles from 
Cambridge City, show but little more descent than Kokomo, 
thus demonstrating that the level-topped phase of the Trenton 
here occupies a breadth of about 30 miles. West from Koko- 
mo or east from La Fontaine a rapid descent soon begins, as 
the table shows. 

In Miami and Cass counties the Trenton makes a rapid de- 
scent toward the northwest as is shown by borings along the 
Wabash river, its altitude at Peru being 260 feet, and at Lo- 
gansport 344 feet below tide. At Royal Center, in northern 
Cass county, the Trenton stands markedly higher than at Lo- 
gansport, its altitude being but 190 feet below tide. 

Eaat'tO'West axis of upheaval. — There is probably an axis 
of upheaval running from Royal Center west to Monon and 
thence to Kentland, Indiana. No borings of which we have 
the record have struck the Trenton along this line, but the 

* Geology of Ohio, vol. vi, p. 94. 
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rock out-crops and deep borings to the north and south indi- 
cate that such an axis exists. At Monon the Niagara limestone 
out-crops at an altitude 675 feet A. T. If we assume that the 
Niagara has here its known maximum thickness, 400 feet, and 
that the lower shales have a thickness of 350 feet, — which is a 
liberal allowance since they are but 313 feet in one of the bor- 
ings at Delphi, and since borings in Illinois, cited on a subse- 
quent page, as well as those given in the tables, show that the 
shales decrease in thickness toward the west, — the Trenton 
should be struck at Monon at about 75 feet below tide. 

Three miles east of Kentland is an out-crop of limestone 
which is thought by S. S. Gorby, Esq., of the Indiana Geologi- 
cal Survey, ' to be Niagara, but which may possibly be a Lower 
Silurian limestone. If we consider it Niagara and give it the 
known maximum thickness of this formation, 400 feet, and as- 
sume that the lower shales are 300 feet in thickness, the Tren- 
ton would be about 25 feet above tide at this point. 

From Kentland the axis j)robably bears northwest. We find 
evidence of an anticlinal north of the Kankakee river in the 
borings made at Chicago, Joliet and Kankakee. In the well at 
the Union stock-yards in Chicago the Trenton is struck at 93 
feet A. T. At the state penitentiary near Joliet the bottom of 
the lower shales is reached at 175 feet A. T. Here a rock de- 
scribed as a "sharp sand rock" is struck. We think it probable 
that this is Trenton limestone, for we have frequently tested 
rock drillings pronounced by the well drillers sandstone and 
found them to he granular limestone. A boring near Kankakee 
reaches the bottom of the lower shales and enters what is prob- 
ably Trenton at 17 feet below tide. There are indications that the 
crest of the anticlinal is south of Joliet. One and a half miles 
west of Manteno a prominent ridge of Niagara is exposed at 
an altitude of about 750 feet, A. T. The Niagara at Joliet is 
355 feet, and at the Kankakee boring is 388 feet in thickness. 
The lower shales at Joliet are 110 feet, and at the Kankakee 
boring 213 feet in thickness. Manteno is about 20 miles south 
of the Joliet and 15 miles north of the Kankakee boring. If 
we assume a uniform increase in the thickness of the limestone 
and shales toward the south from Joliet the former would be 
375 feet and the latter about 170 feet, and the combined thick- 
ness 545 feet. Deducting this from the altitude of the rock 

* See Geological Report of Indiana. 1885-6. pp. 236-7. 
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out-crop we have 205 feet A. T., as the altitude of the Trenton 
at the Manteno ridge. 

The eastern-most out-crop of the Trenton in northern Illinois 
is the one four miles northeast of Morris, in Grundy county. 
The crest of the anticlinal is probably denoted by this outcrop 
at an altitude about 550 feet A. T. A few miles west from this 
point is the southern end of a more prominent axis of upheav- 
al. This and similar axes in Illinois are discussed by Prof. 
Worthen. * Concerning the one referred to this statement is 
made : "It enters the state in Stephenson county, intersects 
Rock river at Grand de Tour and the Illinois at Split Rock be- 
tween LaSalle and Utica, bringing the St. Peter's sandstone to 
the surface on Rock river and the Lower Magnesian limestone 
on the Illinois." Its general trend is N. N. W. to S. S. E. How 
far south of the Illinois it extends he did not determine. The 
continuation of this axis to the north west across the lead 
region of Wisconsin is discussed by Prof. Chamberlin in con- 
nection with the prominent flexure axes of that state. ^ 

The east-to-west axis whose probable distribution has been 
given, apparently connects the Cincinnati anticlinal with the 
upheaval in northern Illinois and southwestern Wisconsin, and 
thus introduces a new feature into the dynamics of the Missis- 
sippi basin. The prominence of this axis above the region north 
of it has been shown by borings in Porter and LaPorte coun- 
ties, Indiana, which strike the Trenton at 400 — 600 feet be- 
low tide, and above the region south of it by a boring at Terre 
Haute, 2400 feet in depth, which does not reach the bottom of 
the Niagara limestone, and by many borings in the coal-fields 
of eastern and central Illinois, records of which occur in the 
geological reports of that state, which are still in coal measure 
strata some distance below sea-level. 

Distribution of natural gas. — The majority of the strong 
gas wells of Indiana lie within the boundaries of the elevated 
portion of the Cincinnati anticlinal. The limits of the gas field 
may be roughly outlined by lines connecting the following 
towns : Greenfield, Hancock county, Broad Ripple, Marion 
county, Joliet and Sheridan, Hamilton county, Kempton, Tip- 
ton county, Kokomo, Howard county, Amboy, Miami county, 
Somerset and LaFountaine, Wabash county, VanBuren, Grant 



* Geology of Illinois ; vol. i. pp. 4-7. 

* Geology of Wisconsin ; vol. iv. pp. 422-438. 
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county, Montpelier, Blackford county, Camden and Portland, 
Jay county. On the north and west the gas fails near the line 
where the limestone begins a rapid descent. Where the sur- 
face of the Trenton is 100-120 feet below tide it is unusually 
saturated with wat^r. The question of altitude is therefore the 
all-important one on the north and west borders of the gas 
field. At the southeast the limits of the gas field are less clear- 
ly defined than in other directions. Here the failure of gas is 
not due to a decrease in the altitude of the Trenton and conse- 
quent swamping by salt water ; on the contrary the altitude is 
greater as a rule than in the productive district. It is due to 
a change in the texture of the gas yielding rock. Prof. Orton 
discovered this fact on the southern borders of the Ohio gas field.* 
He found a granular, porous, dolomitic limestone containing 
but a small amount of insoluble material to characterize the 
productive gas field, while a less porous limestone containing 
but little carbonate of magnesia, but having much insoluble 
material, characterizes the unproductive portion of the Cin- 
cinnati anticlinal. It is the physical structure of the rock, not 
its chemical composition, which determines its capacity to 
contain gas. As might be expected, this change in texture has 
an irregular border, and is more complete at some points than 
at others, consequently it is difficult to define the limits of the 
gasfield on the southeast. The strong gas wells lie north of a 
line connecting Greenfield, Muncie and Red Key, Jay county. 
Weak wells are found at various points in the southeastern 
counties of Indiana. 

Strength of wells. — Many of those classed in the tables as 
good gas wells yield less than 1,000,000 cu. ft. per day, as their 
cai)acity to furnish fuel clearly shows. Not infrequently wells 
are found to yield when piped for fuel no more than half the 
amount indicated by the gauge. There are within the territory 
however, wells which yield not less than 7,000,000 cu. ft. per 
day. Such are the **Jumbo" well at Fairmount, in Grant coun- 
ty, and the "Granger" wells near Noblesville, in Hamilton 
county. There is often a great difference in strength display- 
ed by wells in close 'proximity, the variation being probably 
due to difierence in the texture of the rock. 

Minor anticlinal, — Near the line of Tipton and Clinton 

* Geology of Ohio ; vol. vi, pp. 103-105. 
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counties there is evidence of a minor anticlinal beneath which 
gas is found, while it is wanting in a narrow belt on the east 
between this productive area and the main gas field. Tipton 
lies in the unproductive belt, and the altitude of the Trenton 
here is some 35 feet lower than at productive wells five miles 
east or ten miles west from the city. This anticlinal appears 
to extend south to Sheridan and Joliet in Hamilton county 
and perhaps connects with the main field in the southern part 
of the county. We have no records to prove the extension of 
this anticlinal farther north than Kempton in western Tipton 
county. 

Exceptional wells. — At Oakland, in northeastern Marion 
county, gas is found in the Trenton at 210 feet below^ tide, or 
about 100 feet lower than in adjacent wells, and below the level 
at which water usually occupies the rock. The record of the 
boring was kept by the secretary of the gas company and ap- 
pears to be thoroughly reliable. This forms one of those puz- 
zling exceptions which arise under nearly every rule. Anoth- 
er exception, equally puzzling, occurs at Auburn, in DeKalb 
county. The altitude of the Trenton is about 150 feet lower 
than at Garrett, a village five miles west from Auburn. No gas 
was obtained at Garrett, but a well estimated to furnish 1,500,- 
000 cu. ft. per day was obtained at Auburn. Tlie following 
rule laid down by Prof. Orton and found applicable nearly 
everywhere else apparently fails here. " The gas and oil are 
gathered in the arches of the Trenton if such there are. In 
default of arches the high-lying terraces are made to serve the 
same purpose, but the one indispensable element and condi- 
tion of all accumulation is relief" ' Prof. Orton explains the 
occurrence of gas at Bryan, Ohio, at an elevation 1<S0 feet 
lower than that at Auburn, Indiana, as due to a minor eleva- 
tion of the Trenton. In the same manner he explains its oc- 
currence at Oak Harl)or and Tifiin.^ Tlie onlv elevation we 
have discovered at Auburn and Brvan is that of a monoclinal 
rising from east to west. It is possible that at (lairett where 
the altitude seems to favor gas accumulation the texture of the 

rock is such as to exclude the gas. 

Diiference in altitude of saltwater line in Indiana and 

Ohio. — There is a marked difference in the altitude of the salt 



^ 



* Geology of Ohio; vol.vi, p. .'{09. 
'Geology of Ohio; vol. vi, p. 810. 
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water line in the gas fields of Indiana and Ohio. Since the an- 
ticlinal in Ohio is lower than that in Indiana and the amount 
of gas present is nearly as great as beneath an equal area of 
the Indiana anticlinal, the salt water lin« must be correspond- 
ingly lower. 

Oil, — Oil has been struck in several places along the north 
border of the gas field, in northeastern Grant and northern 
Blackford counties, and also in southern Adams county near 
Berne. A large tract along the line where oil is found has 
been leased by oil-compai^ies with a view to determining the 
value of the field. When we bear in mind that the Findlay oil 
field comprises a belt scarcely five miles long and but two 
miles wide, including within this area some unproductive terri- 
tory, and yet contains a large number of profitable oil wells, it 
suggests the possibility that thorough exploration may bring to 
light one or more such fields in Indiana. 

Oil has been struck at Royal Center, in Cass county. At- 
tention has already been called to the higher altitude of the 
Trenton at this point. It is therefore an illustration of accum- 
ulation of hydrocarbons beneath anticlinals. We know of no 
borings in the vicinity of Royal Center which yield oil, but in 
this portion of the state deep borings are not so numerous as 
in the productive gas-field and its immediate borders. Alti- 
tude favors its occurrence along the line from Royal Center to 
Kentland but the rock texture may be unfavorable to oil or 
gas accumulation. We know, however, of nothing that indi- 
cates a change in the texture of the rock from the porous con- 
dition it displays in the gas field ; on the contrary the outcrops 
of the upper portion of the Trenton in Illinois appear to be 
quite similar in structure to the Indiana gas rock. 

Rock pressure, — Different theories have been advanced to 
account for the rock-pressure which the gas manifests. The 
one best substantiated ascribes it to the force exerted by the 
column of water which fills the Trenton from its outcrops in 
adjacent states down the inclined and porous portions of this 
limestone to the gas field. Here its pressure has driven the oil 
and gas into the anticlinals and terraces. This makes the 
gas expulsion a result of the same pressure that causes the 
water just outside the gas belt to rise from the Trenton in the 
form of artesian wells, and it is probable that as the gas be- 
comes exhausted, water will follow it up from below and even- 
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tually take its place. The more rapid the escape of the gas the 
sooner will the supply be exhausted. The fortunate possessors 
of these wells will do wisely to heed the warning of those who 
have studied the history of gas wells in other localities and 
guard against the wanton waste of their treasure, for there are 
no grounds to support the belief that the supply is inexhausti- 
ble. Indeed, it is probably a question of but a few years till 
Indiana natural gas will be a thing of the past. 

ON LINGULASMA, A NEW GENUS, AND EIGHT NEW 
SPECIES OF LINGULA AND TREMATIS. 

[Continued from the last Number.] 
By E. 0. Ulrich. 

TBEUATI8 FBAQILIS, n sp. 

Fig. 6, 6 a, 6 b. 

Shell large, nearly circular, the width a little greater than 
the length ; substance exceedingly thin. Dorsal valve moder- 
ately convex, with the greatest convexity in the posterior half. 
Umbo small but rather prominent and the beak obtusely 
pointed and not projecting beyond the margin (sub-terminal). 
Cardinal slopes distinctly concave. Surface nearly smooth, 
with faint undulations marking stages of growth and very ob- 
scure concentric lines. Very minute punctures arranged in 
concentric and radial series, occur on and appear restricted to 
the concave slopes on each side of the umbo. Lower or ven- 
tral valve with a very small triangular foramen situated at the 
posterior end of a short but deeply impressed area. From 
the anterior end of this area, the surface rises slowly to a 
point about one-fourth of the length of the shell from the pos- 
terior margin, when it begins to descend and is slightly con- 
cave, in the region between the center of the valve and its 
lateral and front margins. The surface is marked as in the 
upper valve and here the fine punctures occur also for a short 
distance in front of the impressed foramen area. A specimen 
of average size is 24 mm. long, 25 mm. wide, and 4.5 mm. 
deep. 

This species has about the same form as T. ottaicaensis 
and T. crassipuncta^h\xi the different surface marking will dis- 
tinguish it readily from both. T. picnctostriata Hall, has 
coarser puncta, these })eing also present over the whole surface 
of the dorsal valve. The foramen notch of the ventral valve, 
is also much larger, and the cardinal slopes of the dorsal 



22 On Zinffulasmay Etc* — Ulric/i- 

valve a little convex instead of concave. The species is dis- 
tinguishable from all others known to me by the extreme thin- 
ness of its shell. 

Formation and locality: Lowest beds of the Cincinnati 
group, a few miles south of Covington, Ky. Collections of 
Mr. C. Schuchert and the author. 

TSEUATIS 0BA8SIPnNGTA,n.Bp. 

Fig. 7.7 a. 

Shell nearly circular, 15.5 mm. wide and 16 mm. long. 
Upper or dorsal valve moderately and uniformly convex, 
most elevated in the posterior half; beak very small, pointed, 
not elevated, and scarcely projecting beyond the margin. 
Surface with straight or zigzag radiating lines increasing by 
interpolation or bifurcation ; the interspaces between them 
grow wider toward the front and lateral margins where from 
twelve to sixteen occur in 5 mm. The concave interspaces be- 
tween them are not equal, some being considerably wider than 
the average with only three in 2 mm. The radiating lines are 
connected by cross ridges of which from twelve to fourteen 
occur in 5 mm., measuring from the margin. These lines 
form a rather coarse reticulation with meshes of quadrate, pen- 
tagonal or hexagonal form. In addition there are undula- 
tions of growth and very fine and crowded concentric lines. 
The latter, however, do not appear to have crossed the radiat- 
ing striae, having been noticed at the bottom of the depressed 
spaces. 

Lower valve unknown. 

At first I was disposed to regard this species as being iden- 
tical with the 7! ottawaensis of Billings. Since seeing the 
types of that beautiful species and collecting fine examples of 
it not only at the original locality, but also from the middle 
Trenton beds of Kentucky, I have come to the conclusion 
that the Ohio shell belongs to a distinct class. T, ottawaen- 
sis is a larger shell, slighter, wider and its surface reticulation 
finer. The average number of meshes in 5 mm. is nearly con- 
stantly twenty-five or twenty-six against twelve to sixteen in 
T, crassipiincta. The umbones of the upper valve of the 
latter is also less prominent and its beak more pointed and 
smaller. 

Formation and locality : From shales of the middle beds 
of the Cincinnati group near the tops of the hills at Cincin- 
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nati, Ohio. The specimen figured belongs to the collection of 
Mr. Charles Schuchert. The figure represents the reticulation 
finer than is on the specimen. 

TREKATIS UKBONATA, n sp. 

Figs. 8-8 c. 

Dorsal valve ovate acuminate, rather strongly convex, es- 
pecially in the umbonal region, with the beak incurved and 
more or less acutely rounded. The length and breadth as 
well as the acuteness of the beak varies in different individuals. 
The extremes so far noticed are represented in the two speci- 
mens figured. Surface with fine and rather obscure concen- 
tric lines, and radiating series of minute punctures along the 
margins and on the umbonal slopes. The punctures are 
closely arranged and, as usual, increase slightly in size out- 
ward. They do not occur on all portions of the surface, being 
absent over a considerable part of the central region. Ven- 
tral valve concave, marked with fine concentric strise and a 
number of crowded rows of very minute punctures on each 
side of the foramen notch. Foramen notch small and narrow, 
situated at the bottom of an abruptly impressed U-shaped 
area. 

Two specimens have the following dimensions : (1), length, 
16.8 mm. ; width, 12.1 mm ; convexity, 4.0 mm. (2), length 
12.5 mm ; width, 9.7 mm. ; convexity, 3.8 mm. 

The strongly elevated umbonal region of the dorsal valve, 
the concave ventral, and the elongate form, suffice to dis- 
tinguish this species from T, punctostriata Hall. In all these 
respects T, umhonata simulates T, Auronensis Billings, from 
the Black River limestone of Canada, but the surface orna- 
mentation of that species as figured by Billings (Paaelozoic 
Fossils vol. I, p. 52.) is quite different. 

Formation and locality: Middle beds of the Cincinnati 
group on the hills west of Covington, Ky., and at the hill 
quarries of Cincinnati, Ohio. It is not by any means a com- 
mon fossil. The types are from the collection of Mr. C. 
Schuchert. 

TBEUATIS OBLATA, n. sp. 

Fig. 9, 9 a, and 9 b. 

Tremath punctostriata Hall and Whitfield, Pal. Ohio, vol. ii, pi. i, 
fig. 8; 1875. 

Compare Trematis punctostriata Hall, 23rd Regent*s Rept., p. 243> 
pi. 13, figs. 17 and 18; 1873. 
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Shell broadly oval to sub-pentagonal, wider than long, with 
the beak of the dorsal valve, and generally the anterior and 
posterior angles, slightly produced. Dorsal valve, when found 
in a shale matrix, only moderately convex, but specimens oc- 
curring in limestone have suffered less through compression^ 
and are strongly convex, particularly in the region a little pos- 
terior to the middle. Umbo tumid with the cardinal slopes 
abrupt and occasionally slightly concave. Front margin 
nearly straight or gently convex, rounding more or less 
abruptly into the lateral borders. Beak acutely rounded, in- 
curved to the plain of the posterior margin. Surface with ob- 
scure concentric lines and radiating series of punctures. The 
latter are usually absent, over the concentric region of the 
valve, are larger than in 7! u?nbafiatay increase in size outward, 
and near the front margins of large specimens form a network 
similar to that of 7! ottawaensis and craasipuncta^ only the 
meshes are not as large and the radial lines wider than in 
those species. 

Ventral valve, so far as observed perfectly flat, save at the 
small impressed area at the bottom and posterior end of which 
is situated the small foramen notch. Surface with rather ob- 
scure concentric lines and radial series of punctures near the 
outer borders. 

This species has generally been considered identical with 
. T. punctostriata, described by Hall from hydraulic limestone 
of Trenton age (probably equivalent to the '* Modiolopsis 
bed " of central Kentucky, at Clifton Terrace. Against this 
view I have only tliis to say, that if Hall's original figures are 
correct, and no one so far as is known to me claims that they 
are not, then the Cincinnati specimens clearly belong to a dis- 
tinct species. It must be confessed, however, that the surface 
ornamentation seems to be very similar in the two forms and 
that they are in all probability closely related. Still, there 
are enough points in which they disagree to make a separa- 
tion desirable and practicable. There is always a slight differ- 
ence in the outline, and the umbonal region and the beak of 
the dorsal valve are more pronounced. Figs. 9 and 9 b of this 
paper illustrate extremes of variation in outline, while Hall 
and Whitfield's fig. 8, pi. i, vol. ii, Ohio Paleontology, repre- 
sents an average specimen. In comparing the ventral valve a 
\:' more decided difference is noticed, the foramen notch in the 
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Tennessee form being much larger and longer than in the Cin- 
cinnati specimens. Under these circumstances I have felt my- 
self justified in giving them a new name. T, montrealensia 
Billings, from the Trenton limestone of Canada, is apparently 
another nearly related form. Billings, however, does not men- 
tion radial series of punctures, so they are probably distinct. 

Formation and locality: Not uncommon in the shales of 
the lower and middle beds of the Cincinnati group at Cincin- 
nati and other localities in that vicinity. 

THE AGE OF THE TIPTON RUN COAL OF BLAIR COUNTY 

PENNSYLVANIA. 

By I. C. White. 

The Tipton Run coal field lies along the eastern base of the 
Alleghany mountain, 12 to 15 miles north-east from Altoona, 
Pa. A country bank for local fuel supply, has been opened 
apd operated there, near the head of Tipton run, and 4 miles 
distant from Tipton Station on the Pennsylvania R. R. for 
many years, but a branch line has recently been constructed 
to this field, and the coal is now mined and shipped to market 
on a commercial scale. 

The elevation of the surface where the coal sets in is about 
1400 feet above tide, or 800 feet below the summit of the Alle- 
ghanies, 1 to 2 miles away. As is well known to geologists 
this mountain range is here crowned by the Barrens, and 
lower Coal Measures, while lower down and forming the east- 
ern escarpment, come successively the Pottsville conglomerate, 
Mauch Chunk red shale, Pocono sandstone, with the Catskill 
beds forming the base, and all arching into the air over the 
great Canoe valley and Morrison's Cove anticlinals. Lying 
thus topographically several hundred feet below the base of 
the lowest Coal Measures, and coming at the horizon of the 
Pocono, or No. X escarpment, this coal was long ago referred 
to the age of these Lower Carboniferous sandstones by the 
geologists of the First Geological Survey of Pennsylvania, and 
so far as the writer is aware this opinion has been confirmed 
by all professional geologists who have subsequently examined 
the field in question, the last being Mr. Chas. A. Ashburner, 
who made a special examination of the region after it had 
been opened for railway shipments. This report, which was 
more elaborate than any others, was published in 1SS6, and 
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like its predecessors, considers the Pocono age of the coal as 
indisputable. 

Desirous of examining personally the locality where a bed of 
coal in the Pocono series was furnishing 30,000 tons of excel- 
lent fuel annually, the writer found occasion during the past 
year to visit the famous Tipton region. To his surprise he 
recognized the enclosing shales and sandstone as genuine Coal 
Measure sediments, while peeping out from a short interval 
beneath the coal bed was as good Pottsville conglomerate as 
that high above, along the eastern front of the AUeghanies, 
and within sight of the coal mine. Search for fossils was at 
once begun, and soon rewarded by the discovery of plant 
remains which confirmed the evidence from the character of 
the sediments. Hence there could be but one conclusion, a 
fault, or disturbance of some kind had dropped these beds 
down so as to bring Coal Measure rocks abutting against the 
Pocono, or Lower Carboniferous series. The succession of the 
rocks in the immediate vicinity of one of the coal openings is 
approximately as follows : 

1. Sandstone (probably the Freeport) 25' 

2. Concealed 50' 

3. Shales, plant-bearing 5' 

(Coal 2' 9" ) 

4. -^Fire-clay, dark 2" \ 3' 9" 

(Coal 10" J 

5. Concealed 30'-60' 

6. Pottsville conglomerate visible 10' 

The coal bed is probably identical with the Lower Kittan- 
ning, since the character of the fuel it furnishes, as well as the 
structure of the bed is much like the latter as seen on the top 
of the AUeghanies, a few miles distant. The two openings 
where the coal is now mined for shipment are on the same 
bed, No. 4 of the section, since the structure found in each is 
identical and the coal is of practically the same quality. The 
following fossil plants were found in the shale No. 3, which 
overlies the coal, the identifications in cases where the writer 
was in doubt having been made by Prof. Lesquereux. 

Cordaites gracilis Lx. Neuropteris loschii Bt. 

Stijonaria ficoides Bt. Alethopteris ailibigua Lx. 

Lepidopb>[lhim lanceolatum Bt. Calamites, allied to suckowii Bt. 
Neuropteris tenuifolia Bt. Pecopteris, sp. ? fragment. 

Alethopteris, allied to pennsylvanica Lx. 

The plants are not abundant, and a much larger collection 

could doubtless be made by the expenditure of two or three 

weeks' time, but the list when considered with reference to the 
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character of the coal and the lithology of the enclosing rocks, 
is sufficient to demonstrate the Coal Measure age of the same. 
This list of plants was submitted to Prof. Wm. M. Fontaine, 
the eminent palseo-botanist, who is so well acquainted with 
the Pocono or Lower Carboniferous flora of Virginia and W. 
Virginia, and his opinion is the same as my own, viz., that the 
plants could come only in the Coal Measures. It is true that 
NeuTopteriB tenuifolia and Sigillaria mamillaris have 
been reported from the Pocono, since they are long-lived forms 
which pass from the base of the Carboniferous system almost 
to its top, and on this account Prof. Lesley would call the 
whole list Pocono plants, but we must recollect that neither 
Pecopteris nor Alethopteris have yet been found in the 
Pocono rocks of the Appalachian region. Then too, it is not 
alone the presence of typical Coal Measure forms which gives 
this list geological significance, but the absence of the types 
which everywhere else characterize the Pocono flora, as the 
archseopterids triphyllopterids, and small Lepidodendra ; see 
"Permian Flora," Fontaine and White, pages 6, 7 and 8. The 
evidence from the character of the interstratified rocks is 
alone conclusive of the Coal Measure age. Any geologist 
thoroughly acquainted with the physical land lithological 
character of the sandstones and conglojnerates of the Coal 
Measures, and also with those of the Pocono need not be told 
they difier from each other so greatly that it is not a difficult 
task to distinguish the one from the other. This diflerence 
consists in many things, the shape of the pebbles in the con- 
glomerates (as shown by Mr. Carll), the character of the sand- 
stones as to hardness, color, purity, &c., facts which are very 
real to the geologist who has noted them and learned them, 
but not readily embodied in description. The evidence of this 
nature is so strongly in favor of the Coal Measure age of the 
Tipton beds, that it would have been conclusive to me had no 
plants been found. 

The coal furnished by this bed is quite as pure as the average 
of the Clearfield region which it adjoins, and this fact of itself 
should have some weight, in view of the well known reputation 
of the Pocono coals of Virginia, W. Virginia, &c., they all 
being very high in both ash and sulphur. 

After this paper was about completed the writer learned 
from Prof. Lesley that Mr. J. W. Scott, a former mining engi- 
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neer, but now editor of the Altoona Daily Times, had several 
years ago claimed the existence of a ^^fault" in the Tipton 
Run region, and the consequent identity of the coal found 
there with the lower coals of Clearfield and Cambria Cos. 
This opinion was elaborated ten years ago in the Tyrone 
Herald (with which Mr. Scott was then connected), and con- 
sequently to him belongs the credit of having first determined 
the true age of the Tipton coal, though, as already stated, the 
writer was not aware of Mr. Scott's work until after he had 
arrived at the same conclusion. 

Mr. Scott claims to have traced the line of "fault" 
through from the Clearfield region to Tipton run, but the 
writer has no personal knowledge as to the particular form of 
disturbance that has dropped the lower Coal Measures down 
out of their regular place in the Tipton region. Whether it be 
a genuine "fault," or a deep local syncline, separated from the 
coal area west and north of it by erosion, or any other form of 
displacement, has not been determined for lack of time and a 
good map of the region. 



METEORITES AND WHAT THEY TEACH US. 

I. 

By H. Hensoldt, Ph. D. 
Assistant in Natunil History, School of Mines, Columbia College, New York. 

The nebular hypothesis of the great Laplace, which very in- 
geniously accounts for the origin of what we call heavenly 
bodies by assuming that the materials now composing them, 
say the elements, were at one time distributed in a gaseous 
state through space, throughout vast and theoretically, infi- 
nite space, that our present worlds are the outcome of an elab- 
orate condensation process which these originally rarefied ma- 
terials underwent, the accounting for planets or satellites trav- 
elling around a central body by assuming that they owe their 
origin to a ring or a succession of rings thrown off by this cen- 
tral body, from its equatorial region, in consequence of the 
centrifugal force getting the better of the centripetal — this 
wonderful nebular hypothesis has been recently and is even 
now in danger of being superseded by another, not quite so 
•^sublime" if I may use this word, though grand enough in 
some of its aspects, but one which, if it appeals less to our im- 
agination is more capable of verification by direct observation 
and which apparently carries a far greater degree of probability. 
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This new hypothesis may be termed the dust-hypothesis. It 
assumes that the universe, or a great part of it, is full of mi- 
nute, dust-like particles of heterogeneous character, floating 
about in the ether or travelling in definite courses, that if one 
of these particles hap])ens to come in contact with another, or 
very near it there is mutual attraction and adhesion, that the 
joined particles will travel onward with their attracting force 
thus increased, drawing other particles to them, one here, and 
one there, and form the nucleus of a body which keeps grow- 
ing as it travels into new regions of space, exhausting them of 
the materials within its reach. The more it grows, the more 
its sphere of attraction increases the more rapid the accumu- 
lation, which is unlimited, till we have a mass a foot in diame- 
ter, a planet like our earth, a vast body like the sun or some 
still grander one, like that distant giant which compels our 
sun to travel in its unknown course. 

This new hypothesis, which deserves our closest attention,a8 
it throws a new light on the origin and character of our own 
planet, and which is calculated to revolutionize our present 
conceptions of geological research, is the outcome of the study 
of meteorites, — those remarkable bodies of extra-terrestrial 
origin, which are now so eagerly collected and so highly val- 
ued although less than a hundred years ago they were barely 
noticed or at best regarded mereh' as curiosities by the learned 
or as objects of evil portent by the superstitious. 

It may seem incredible to those who hear it for the first 
time that a globe like the earth, with its diameter of eight 
thousand miles, should be a mere accumulation of particles, 
gathered around a nucleus of cosmic dust, as it travelled on 
its way through cold and pathless oceans of space. But we 
have the fact of our earth constantly attracting to its surface 
substances from the inter-planetary regions, from the most 
impalpable dust to meteoric masses weighing tons, a process 
which has been going on year by year through the geological 
ages of a duration probably incomprehensible by up. The 
earth is increasing in weight thousands of tons annually 
through the fall of meteorites alone, but this is as nothing 
compared with the aggregate weight of the dust-like particles 
attracted to its surface during a like period. Prof. Norden- 
skjold, on his various expeditions to Greenland, as well as on 
his famous Vega expedition, frequently observed the snow or 
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ice covered with metalliferous dust and other particles which 
were doubtless of cosmic origin, as they werefound in regions 
far from the habitations of man and were unlike anything 
that could have been transported there by atmospheric or other 
agencies from a terrestrial source ; and no matter where he ex- 
amined snow, whether in Greenland, Spitzbergen, or the fro- 
zen coast of Siberia or in his own native Sweden, he never col- 
lected less than a millegramme in weight of meteoric particles 
from a square yard of surface. In one region, for instance, 
on his Vega expedition he found the snow covered for miles 
in extent with minute and very perfect crystals of yellowish 
color, like crystalized sand-grains. They were about 1 mm. 
in diameter and seemed to belong to the rhombic system, as 
they had one perfect cleavage and formed striated prisms, 
terminated at either end by a truncated pyramid. 

Now one millegramme to every square yard of the earth's 
surface, which is probably far below the annual fall of meteoric 
dust-particles, amounts for the whole globe to no less than five 
hundred million kilograms — about half a million tons — too 
important a factor to be neglected when the fundamentjil facts 
of the geological history of our planet are enumerated. That 
small quantities of cosmic dust, containing iron, nickel, cobalt, 
carbonaceous substances and phosphorus, constantly fall, with 
other atmospheric precipitates, on the earth's surface is a 
well established fact and there is even ground for believing that 
this deposit may play an important part in the economy of 
nature in supplying phosphorus to soils already exhausted 
by the growth of crops. Farmers have long been taught by ex- 
perience that an exhausted field, if left untilled for a number 
of years, will regain its fertility in proportion to the length of 
time during which it remained fallow. 

The earth, travelling in its orbit around the sun, and onwards 
with the entire solar system around some unknown and still 
greater center of attraction, is constantly traversing new regions 
of space, which it depletes of meteoric dust and meteorites, 
thus steadily — no matter how slowly — increasing in diameter. 
Now let this growth continue till the earth has just twice the 
attractive power which it now possesses ; we should then have 
twice the number of meteorites and double the quantity of dust 
falling annually upon it than now. Fortunately for our heads 
the earth has not as yet attained very formidable dimensions, 
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but we may look upon it as an established fact that it con- 
stantly gains in weight and that in proportion to such gain its 
attractive power steadily increases. The attracting force of 
the sun is so enormous that a perpetual hail of meteorites and 
a torrent of dust-particles must rush upon it from all direc- 
tions, and some of the foremost observers are now of opinion 
that these falling bodies are the sole cause of the sun's heat. 
In the light of this theory our earth is a young and growing, 
not an old and dying planet, a planet with a future, which 
ought to be cheerful news to all of us although we shall not 
live to reap the benefit of it, and the sun, far from being on its 
last legs as an expiring luminary is steadily gaining in heat 
and lighting capacity. 

Now in how far do the facts revealed as yet by the study of 
meteorites support this hypothesis and what do meteorites 
teach us in reference to the character of our own planet? That 
an accumulation of cosmical particles, no matter how small, 
is in itself sufficient to account for the origin of planetary 
masses or fixed stars, no matter how large, nobody can deny 
after a moment's reflection ; it is merely a matter of time for 
any given body to attain any given size, and if the accumula- 
tion is at first extremely slow it must not be forgotten that it 
increases enormously with the growth of the muss. 

But since the internal structure of meteorites, and especially 
that of the so-called stone-meteorites, has been more carefully 
studied, additional evidence has been furnished which almost 
amounts to proof that at least many of the meteorites now in 
our museums and private collections have originated from the 
accumulation of small particles in the manner above described. 
Gustav Rose of Berlin, one of the most careful observers, and 
whose classification of meteorites is now adopted even by the 
great Tschermak, the meteorite-investigator par excellence, 
Gustav Rose was the first to draw attention to the fact that 
the majority of the stone-meteorites as yet discovered, are 
composed of little spheres or "chondri," globular masses, vary- 
ing in diameter from the merest dust to that of a walnut. He 
proposed the name of chondrites for such masses, but they 
form a class so great in proportion to the rest of the recorded 
stone-meteorites that Tschermak found it necessary to sub- 
divide them into more than half a dozen varieties or species. 
This chondritic structure is different from anything we find in 
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terrestrial rocks, except, perhaps, in the oolitic limestones, but 
here due to totally different causes. 

These meteorites are composed of little spheres or globes, 
either perfectly round or slightly oval, sometimes flattened or 
pressed, as it were, out of 6hape,and either cemented together 
by an interstitial paste or matrix, or adhering only loosely with 
little or no interstitial matter to bind them. These chondri 
consist of minerals which are also of common occurrence in 
terrestrial rocks, although never in this peculiar form. They 
are either composed of olivine, bronzite, augite, triclinic 
feldspar or metallic iron, or of two, seldom three, of these 
combined, never of anything else, except occasionally of glassy 
matter. The most significant fact is that nearly every chon- 
drum is surrounded by a distinct crust as if it had once been 
an independent cosmical body — a miniature meteorite — and 
perhaps equally remarkable is the resemblance, not merely in 
structure, but in composition, between these chondritic mete- 
orites, and wemustbearinmindthatof every ten stone-meteor- 
ites eight at least are chondritic. This resemblance is perfectly 
astonishing and all the more so as we have nothing like it 
among terrestrial rocks. Every experienced petrographer 
knows that terrestrial rocks of the same character and 
composition will present, under the microscope the most 
striking structural differences if they are merely gathered from 
different localities (often less than half a mile distant from 
each other). No two granites, basalts, dolerites, serpentines 
are alike. There are differences even in the same granite from 
the same locality and if we prepare twenty sections from one 
piece not larger than a walnut, the probabilities are that each 
will show something that can not be observed in any of the 
others. 

But the chondritic meteorites, no matter when or where 
they fell, whether in Japan or the desert of Sahara, in Great 
Britain or Bolivia, practically agree in structure and composi- 
tion and the resemblance is often so great that even a Daubree 
or Tschermak could not, in many instances, tell the section of 
one from that of another except by its label. Thus, for in- 
stance, the meteorites of Dhurmsala and Fayette county are 
absolutely identical in mineralogical composition as well as 
structure, the similarity extending even to the smallest micro- 
scopical details. The former fell 29 years ago in the Punjaub, 
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India, while the latter — the largest and perhaps the finest stone- 
meteorite as yet discovered on the continent of America — was 
found by the writer near Lagrange, Texas, in January, 1888. 
Now these localities are more than 6,000 miles distant from 
each other and there is also a great difference in the dates of 
fall (the Fayette county meteorite, from the appearance of its 
crust, must have fallen more than fifty years ago) yet the 
microscope reveals absolutely no difference in the sections 
Always the same chondri or their fragments, always the same 
five ^linerals : olivine, bronzite, augite, plagioclase and iron 
as the principal constituents. This would tend to show that 
there exists a surprising uniformity among the cosmical 
particles from which meteorites originate. 

Fortunately the labors of Tschermak and Daubree have 
made it possible for us to distinguish without much trouble, 
an olivine chondrum from one of augite, bronzite or triclinic 
feldspar, but as we can not here go into elaborate details we 
merely point out in a general way that chondri which are 
traversed by parallel bars, or a sort of grating, may be put 
down as olivine, those with a granular structure as augite, 
those exhibiting a fine parallel striation between crossed- 
Nicols as triclinic feldspar and those which show a peculiar 
fibrous, radiating or fan-like structure, as bronzite. The 
feldspar is almost invariably anorthite, the most basic of all 
feldspars — a significant fact as we shall see later on, but we 
occasionally meet with a peculiar singly-refractive variety of 
plagioclase, which has been called maskelynite, but which in 
the opinion of the writer is nothing but anorthite rendered 
singly-refractive by partial fusion. The astonishing similarity 
between chondritic meteorites enables us to limit our descrip- 
tion to a few prominent types. The meteorite of Renazzo, 
which fell in Italy in 1824, consists of chondri, cemented 
together by a dark paste of carbonaceous matter, in which an 
immense number of particles of pure iron are distributed. 
These of course can not be distinguished under the microscope 
from the black matrix, as both are perfectly opaque. But an 
ordinary hand-lens reveals the remarkable fact that each 
chondrum is surrounded by a crust of metallic iron. Some- 
times this crust is very thick, so that it often seems as if a 
chondrum of iron had a nucleus of olivine. The Tieschitz 
meteorite which fell in Moravia in 1878, is composed, in part. 
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of very perfect chondri, but the section also reveals a number 
of angular fragments. Bronzite chondri, recognizable by their 
peculiar fan-like or fibrous structures, are beautifully devel- 
oped. Many will remember that about ten years ago Dr. O. 
Hahn, of Reutlingen, a lawyer by profession, rushed into print 
and insisted upon making himself ridiculous by the publica- 
tion of a bulky work with 32 photographic plates on organic 
remains in meteorites, which he pretended to have discovered. 
This worthy man, who had little petrographical knowledge, 
was entirely misled by the fibrous structure of these broiizite 
* chondri, which is often very curious, reminding one of fossil 
corals, and he took great pains in describing no less than 
twenty-eight species of corals alone, besides many sponges, 
crinoids and what not in the organic line, which he had dis- 
covered in meteoric sections, but which nobody else could see 
in them. He was guided by accidental resemblances ; the 
things he observed were such as one might see in the clouds 
and anyone gifted with a little invagination will, if he looks 
long enough, discover corals, foraminifera, fossil fishes and 
even dromedaries in almost every section prepared from a 
chondritic meteorite. 

The Monroe meteorite, which fell in Cabarras county, 
North Carolina, in 1849, does not at first sight appear very 
chondritic, but if we carefully examine a thin section we find 
it to be almost entirely composed of chondri closely packed or 
welded together and somewhat pressed out of shape. Still 
more difiicult is it to recognize the chondri in the meteorite 
of Aumale, Algeria, yet it is a chondrite and we can still dis- 
tinguish the parallel bars of the olivine, the coarse granula- 
tion of the augite, the striation of the feldspar and the radi- 
ating fibres of the bronzite. 

Chondritic structure, as already shown is peculiar to meteor- 
ites. We have nothing analogous in terrestrial rocks except 
in the oolitic limestones, but here due to entirely different 
causes. In the Portland oolite from England for instance, 
we have spherical deposits of carbonate of lime which have 
formed in concentric crusts around nuclei. These nuclei 
consist of sand-grains, and sand-grains also form the inter- 
stitial substance between the little globes. Such- a section 
presents a strikingly beautiful appearance in polarized light, 
as the lively chromatic display of the quartz nuclei contrasts 
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with the layers of carbonate of lime, which are indifferent to 
polarization. We also find occasionally in terrestrial rocks, 
and especially in eruptive ones, a tendency on the part of cer- 
tain crystals to gather around some nucleus and form spheri- 
cal aggregations, viz : during the process of solidification or 
cooling of a molten mass crystals will sometimes arrange 
themselves very symmetrically around some nucleus as in 
certain augite lavas of Tahiti. Again in sections of Cornish 
granites, especially of the famous luxulyanite, which is 
found in bowlders in the vale of Luxulyan, Cornwall, we 
have needle-shaped crystals of tourmaline radiating star-like 
from a common center — a marvelous object for the polariscope ; 
but all these phenomena are essentially different from those 
presented by the chondri of meteorites. 

But if from such data as these, viz., from the fact that the great 
majority of the known stone meteorites are chondritic, meteor- 
ite-investigators who are petrographers, and astronomers who 
are not petrographers, jump to the conclusion thataZZ meteor- 
ites have resulted from the accumulation of cosmic particles, 
they are in our humble opinion, greatly mistaken. That the 
true chondrites have originated in this manner is extremely 
probable and if our individual opinion is worth anything the 
writer may add that he is perfectly convinced of it. But then we 
have quite a number of stone-meteorites which are not only 
not chondritic, but which are so constituted as to preclude the 
possibility of their ever having been chondritic, and which for 
a number of other reasons cannot have resulted from an ac- 
cumulation of cosmical particles. Some of these meteorites 
have a hrecciated structure, almost identical with that of some 
of our volcanic ash-rocks and tuffs. They consist of little an- 
gular fragments, mixed with larger ones, broken crystals of 
various silicates and other detritus, exactly as we find it in 
volcanic ash-rocks. Of this class the meteorite of Petersburg 
which fell in Lincoln county, Tenn., in 1855 is an example. 
In a section prepared from this meteorite we see nothing but 
sharp fragments and grains of pyroxene, plagioclase and a va- 
riety of other minerals difficult to determine ; a number of rusty 
spots are due to limonite, which has resulted from the decom- 
position of some of the iron particles. Very similar, only a 
little coarser in structure, is the Frankfort meteorite, which 
fell in Franklin county, Alabama, in 1868. A glance at the 
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sections of these meteorites suflRces to convince us that they 
represent a totally different type, that they have nothing in 
common with the chondrites before described, and it so hap- 
pens that they agree in almost every particular with certain 
of our ash-rocks and tuffs. In the writer's opinion they can- 
not have originated in any manner differing fundamentally 
from that, which led to the formation of our compressed ter- 
restrial ash-rocks. In sections prepared from certain volcanic 
ash-beds in Central America, Arizona and California we have 
essentially the same structure and very nearly the same min- 
eralogical compos tion, the same angular fragments, the same 
detritus, the same color even ; and we might go on multiplying 
such examples of almost absolute coincidence. 

Another meteorite which will not fit in the accumulation- 
hypothesis and which greatly bothers the dust-people, is the 
famous meteorite of Rittersgriin, one of the most remarkable 
and beautiful meteorites,which fell in Saxony in the year 1164. 
It is composed of metallic iron and crystals of a beautiful 
yellowish green color, which at first were believed to be oli- 
vine but which are now known to be bronzite. Then we have 
meteorites of a basaltic structure, like that of Juvinas, which 
fell in France in 1821. It is chiefly composed of rods of tri- 
clinic feldspar (anorthite) and augite. Such crystals could 
only have originated during the very slow cooling of a molten 
mass under extreme pressure. Now the structure of the fam- 
ous Ovifak basalt is so similar to that of the Juvinas meteor- 
ite that it is almost impossible to distinguish, under the mi- 
croscope, the sections of the former from that of the latter. 
The Ovifak rock is composed of the same minerals, in the 
same proportion and in precisely the same development, viz., 
rods of anorthite, granules of augite and native iron. Native 
iron I Where did that come from? What business has metal- 
lic iron in a terrestrial rock? Well, the basalt of Ovifak is 
the most remarkable terrestrial rock with which we are ac- 
quainted. Its discovery has been a great shock to the army 
of meteorite-collectors all over the world, a shock from which 
they have not even yet quite recovered, for now the presence of 
metallic iron can no longer be relied on as a test-feature of a 
meteorite. ' 

Previous to Nordenskj old's great discovery, non-artificial 
metallic iron had never been known to occur on this terres- 
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trial globe, whether as a constituent of rocks or in the shape 
of veins, lodes, crystals or loose masses. It was invariably 
found oxydized or combined with carbon, silica, sulphur and 
other substances from which it had to be first separated by 
more or less complicated processes. But metallic iron was 
met with in the meteorites which have from time to time fall- 
en upon the surface of our planet. These mysterious visitors 
from other spheres not only often contain iron but they are in 
the majority of cases almost entirely composed of it and it is 
more than probable that the first iron with which man became 
acquainted and which he used for tools and implements, was 
the iron of meteorites. 

When Cortez had completed the conquest of Mexico, the 
Spaniards, among a great many other peculiar and extraor- 
dinary observations which they made in that remarkable 
country were particularly struck and puzzled by one fact. They 
noticed that the Aztecs possessed certain implements, such as 
knives, daggers, etc., made of iron, but it seemed that only the 
most distinguished of the natives possessed such, that iron 
was a great rarity and was prized higher than gold. At first the 
Spaniards believed that the Aztecs extracted the metal in some 
crude fashion from its ore, which abounded in many parts of 
the country, but they soon ascertained that this was not the 
case. They found that not a single smelting furnace existed 
in the empire and their surprise was not small when they 
learned that the Aztecs were totally unacquainted with any 
method of extracting the iron from the ore, which indeed 
they had never suspected of any kinship with the highjy val- 
ued metal. The question whence the Aztecs had procured the 
little iron they possessed became a perplexing problem to the 
Spaniards, a problem which they were never able to solve. The 
natives do not seem to have enlightened them much on the 
subject, for when asked, they mysteriously pointed to the sky 
and indicated that they obtained their iron from the regions 
above. Such assertions no doubt the Spaniards received with 
an incredulous smile and they concluded that the Aztecs pro- 
cured it by way of traffic from some other, perhaps more civilized 
nation, which they suspected to exist and kept looking for, 
North and South for more than a hundred years. It was left 
to modern science to unravel the mystery. The Aztecs were 
quite correct, the iron of which they had made their imple- 
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ments was not fashioned from materials of this terrestrial 
globe but had come to them from the unknown regions of 
space. Their iron was, in fact of meteoric origin, like that of 
the Mayas of Yucatan and the Incas of Peru of which many 
weapons are still preserved in collections. 

(Continued,) 



THE QBNBRAL INTERIOR CONDITION OF THE EARTH.i 

By Joseph Le Cokte. 

It is well known that the interior temperature of the earth 
increases at the average rate of 1° for every 50-60 feet of depth. 
For convenience we will take it at 1° for every 52.8 feet, or 
100^ per mile. At this rate at the depth of 25 miles we should 
reach a temperature at which all ordinary rocks would melt. 
The older geologists therefore assumed that the earth is an 
incandescent liquid globe beneath a comparatively thin solid 
crust . 

But physicists now teU us that this is impossible. Thom- 
son and Darwin^ have conclusively shown that in all its 
cosmic relations, and especially under the tide-generating in- 
fluences of the sun and moon, the earth behaves not like a sub- 
stantially liquid, but like a substantially solid and very rigid 
body ; that in fact it is, as a whole, more rigid than a globe of 
glass and even as rigid as a solid globe of steel of the same 
size. 

An outline of the physical argument may be briefly put as 
follows: Suppose, 1st, the earth to be a liquid globe of mercury 
revolving as now under the moon. Evidently a tide afiecting 
the whole mass (earth tide), would follow the moon. Suppose, 
2nd, such an earth covered two miles deep with a universal 
ocean. In this case there would be a tide afiecting the whole 
compound mass ; but the water-tide, upon the mercury-tide, 
being but j^ of the whole would be imperceptible. Sup- 
pose, 3rd, a liquid globe covered by a solid shell 25 miles 

^This paper was given as a lecture before the California Academy 
of Science, May 7th, 1888. Having delayed publication, and an ad- 
mirable paper on the same subject and reaching similar conclusions by 
Prof. Clairpole having in the meantime appeared in the June and 
July numbers of this magazine, I gave up the idea of publishing at all. 
But I find the mode of presentation so different that on second thought 
I still believe the paper may be useful at least to teachers of geology. 
' Nature, vol. 27. p. 22, 1882; vol. 14, p. 426,1876. Thomson and 
»- Tait, Natural Philosophy. 
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thick and the whole covered with water as before. Such a 
globe would behave exactly or almost exactly like a perfectly 
liquid globe. There would still be an earth-tide but no per- 
ceptible water-tide, i, e, no perceptible deepening of the water 
under the moon. The water-tide would be completely or 
nearly completely destroyed by the earth-tide. Suppose 4th, 
and finally, a perfectly solid and rigid earth covered with 
ocean. The tide, now, would be wholly a water-tide upon the 
unyielding earth, and would therefore be very perceptible. 
This is substantially the condition of things now on our globe. 
Now, physicists assert that if the earth were a liquid covered 
with a solid shell 50 miles or 100 miles, or even 500 miles 
thick, it would jrield sufficiently to practically nullify the 
water-tide. I think therefore we must admit that the physicists 
are right and that the earth as a whole is rigid and therefore 
that it is a substantially solid globe. 

But, on the other hand, there are many geological phe- 
nomena which seem to demand an unlimited supply of liquid 
matter beneath a comparatively thin crust. Passing over vol- 
canoes which may be connected only with local reservoirs of 
liquid matter, the most important of these are the following : 
(1.) Great lavaAooda — such as that of the northwest, cover- 
ing at least 150,000 square miles 2000-3000 feet deep, and that of 
the Deccan plateau covering 200,000 square miles 6,000 feet deep. 
(2.) The formation of mountain ranges by lateral pressure. 
The concentration of the effects of lateral pressure Hong certain 
lines seems to require some slippage of the crust, on the deep- 
er parts ; but this would be impossible if the world were solid 
throughout. (3.) The oscillating movements of the crust 
over wide areas and especially subsidence under the weight of 
accumulating sediments and rising under the removal of 
weight by erosion. 

The house of Science seems then to be divided against itself. 
How shall it stand? Under the pressure of this dilemma 
geologists have been more and more driven to accept a com- 
promise view ; or rather a view which combines and reconciles 
these two opposite and mutually excluding extremes, and 
therefore is more rational than either. According to this new 
view the general constitution of the earth is that of a solid 
nucleus composing its great mass, a solid crust of inconsider- 
able thickness, and a liquid or semi-liquid layer between. This 
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last we will call the ^^suh-crust liquid layer^ This view 
would give substantial solidity and rigidity to the earth taken 
as a whole and would therefore satisfy the physicists, and at 
the same time would account for all the phenomena spoken of 
above and therefore satisfy the geologists. The object of this 
note is to show in a simple way, which I have long used in my 
class lectures, that such a constitution is in full accord with 
known physical laws. 

If in fig. \^ 8 8 be the sur- 
face of the earth and a i a 
portion of the radius ; and if 
taking these as coordinate 
axes, we measure depths 
on a 6 and corresponding 
temperatures on 8 s] then 
e},uniform rate of increase 
would be correctly repre- 
sented by the straight line 
c d and at the depth of twen- 
ty-five miles, a?, the heat-or- 
dinate of 2,500° would be 

reached. And if this temper- ^^- l- M=Surface of earth, ab=partof 

, u ♦ ir 4li ^ • radius, c d^ine of uniform increase of 

atjire be taken as tne lUSmg temperature c<r=Une of actual increase, /gr 

point of rocks it would seem, =iine of fusion. 

and has been concluded, that all below is liquid. 

But there are many general reasons for thinking that the 
interior temperature does not increase uniformly for all depths, 
but at a continually decreasing rate ' and therefore that the 
line correctly representing the increase, is not a straight, but a 
curved line like c e. The assumed fusing temperature of 
2,500° would therefore not be reached at 25 miles but much 
lower down, say at x ' perhaps 40 miles. Here then at last we 
would have fusion if the fusing point at that depth were 2,500°. 
But not so ; for the fusing point of all bodies, except a few like 
ice which contract in the act of fusion, is raised by pressure 
and in proportion to pressure. In the figure the line f g rep- 
resents this increase of fusing point with depth. Hopkins^ 
has made many experiments on the more fusible solids — such 
as sulphur, wax, stearine, &c., to determine the rate of eleva- 

»Geol. Mag. vol. 7, p. 99, 1880. 
^ British Assc. Report 1854. 
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tion of fusing point with pressure and found a hiean rate of 
1^ for 30 atmospheres. It is possible that the rate of elevation 
for rocks may be less than this : but in any case there must 
be a notable elevation of fusing point by the enormous pres- 
sure of 30-40 miles of rock. Therefore we must go still deeper 
to find fused matter. In the meantime the pressure would 
still increase and the fusing point be still more elevated. 
Whether, in this chase of the increasing temperature after the 
flying fusing point, the former would overtake the latter at 
all • and if so, where, are questions we cannot answer posi- 
tively. It would depend^on the relation of the rate of increas- 
ing temperature with depth to the rate of elevation of fusing 
point with pressure, i e, the relation of the line c eto the line 

fff (fig. 1). 
There are three possible 

cases in this regard. 1. The 
line of fusing point may 
take the direction f^g (fig 2.) 
putting the line of actual 
temperature at y and eve^ 
after lying within. In this 
case the earth would be uni- 
versally liquid below y. This 
would not satisfy the physi- 
cists. 2. It may take the 
direction Z*^' and lie wholly 
outside of the line of actual 

temperature. In this case ^«-2- o«=line of actual temperature./ y 
, ^ , ij i_ ...fg'j:fg"=Buppoaed lines of fusion. Shaded 

the eartn would be soiiapart=8ub-cni8t liquid, 
throughout. This would not satisfy the geologists. 3. The 
line of fusing point may take the direction Z*^" touching or 
cutting and again leaving the line of actual temperature. In 
this case at the depth of tangency there would be a layer of 
fused or semifused matter separating a solid nucleus from 
the solid crust. For reasons already given this seems to be 
the most probable case, for this would explain all the phe- 
nomena and satisfy both the physicist and the geologist. 

Now there are some reasons for thinking that this sub-crust 
layer would not be so deep as would seem from the foregoing 
reasoning and figures. We have thus far supposed the line of 
fusing point a straight line. This would probably be the ease if 
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the density of the earth and therefore the increase of pressure 
were uniform. But the earth undoubtedly increases in density 
with depth. Therefore the pressure and therefore also the 
elevation of fusing point increases at an increasing rate. 
Therefore the line of fusion is a line concave outwards 
(fig. 3, fff). 
The probability of touch- 

ing and even cutting and :— 4 S^- 

again leaving is thus great- 
by increased, and the possi- 
bility of cutting higher up 
and still escaping is also in- 
creased. Thus the probabil- 
ity of the existence of a sub- 
crust layer would be in- 
creased, its position would 
be nearer the surface and its 
thickness would be less on 
this view than on the supposi- 

Sition of the line of fusion Fig. 3. c«=line of actual temperature Jflr= 
, . X • 1 X 1- line of fusion. 

being a straight line. 

But there is still another principle not yet taken into ac- 
count. We have thus far taken the fusing point at 2,500°. 
This is about the fusing point of rocks under dry heat. But 
in the presence of water and in proportion to its percentage 
fusion of rocks will take place at a much lower temperature. 
If the percentage of water be sufficient it may take place at 
800^-1,000° P. To distinguish it from true dry igneous fusion 
this has been called aqueo-igneous or hydrothermal fusion. 
Now, water is found at all depths to which we have penetrated 
the earth. All lavas also contain water combined with the 
fused magma in greater or less quantity. If by this consider- 
ation we reduce the temperature of fusion we should thereby 
render the existence of a sub-crust liquid still more certain 
and bring its position still nearer the surface. 

It seems almost certain therefore that the interior constitu- 
tion of the earth is that of a substantially solid globe ; but 
with a sub-crust liquid layer separating a solid nucleus from a 
solid shell ; and that the layer is not very many miles below 
the surface nor is it of any great thickness. 

The manner in which the sub-crust layer was formed was 
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probably in outline as follows : In the originally incandes- 
cent liquid condition of the earth, as long as the liquidity was 
perfect, convective currents would tend to keep the whole 
mass at nearly equal temperature throughout. The cooling 
mass therefore commenced to solidify at the centre, because 
the pressure was greatest there. The nucleus thus formed, 
continued to grow in size until it nearly reached the surface. 
But when the surface liquid by cooling had become viscous, 
so that convective currents were impeded a superficial solid 
crust would be formed by radiation. The sub-crust liquid 
thus formed was now encroached upon on one side by the 
solid crust and on the other by the solid nucleus until at pres- 
ent it is comparatively thin or perhaps abolished entirely in 
many places and the crust united with the nucleus. This is 
probably the condition of things now ; for there are some geo- 
logical facts, especially the existence of those greatest features 
of the earth surface, constituting continental masses and 
oceanic bottoms, which seem inconsistent with the existence of 
a universal sub-crust liquid obeying the laws of hydrostatic 
level. 

The original liquid magma, undoubtedly increased in densi- 
ty to the center ; and that, not only by increasing pressure but 
by difference of materials and especially by superficial oxida- 
tion. Therefore the solid crust may be regarded as floating on 
the sub-crust liquid even though (as is almost certain) rocks 
become denser by solidification. The instability of such a 
floating crust under the weighting by sedimentation and light- 
ening by erosion is sufficiently obvious. But these effects 
may be increased in the manner suggested by Lloyd Morgan.* 
Sedimentation increases the weight and therefore produces 
subsidence of the floating crust ; but increased weight means 
increased pressure, and increased pressure produces solidifica- 
tion of the upper parts of the sub-crust liquid, and solidifica- 
tion means increased* density and therefore contraction, and 
this again produces further settling down of the crust. Con- 
trarily, erosion by lightening the floating crust produces 
elevation, but lightening the pressure produces fusion of 
the lower portion of the crust, and fusion produces expansion, 
and this again in its turn increases the elevation. In some 
such way we may account for the pari passu subsidence under 

^ Geol. Mag., vol. 5, p. 291. 1888. 
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sedimentation and elevation under erosion, so common in 
every period of the earth's history. 

It would be a mistake however to suppose, as many do, 
that all crust oscillations are the result . of weighting and 
lightening by sedimentation and erosion. There are un- 
doubtedly other causes, far more fundamental, determining 
these movements. Subsidence is often not the result but the 
cause of excessive sedimentation by continual renewal of the 
conditions of sedimentation ; and elevation is often the cause 
of excessive erosion by renewal of the conditions of erosion.^ 
That elevation is often produced by other causes be- 
sides lightening by erosion, is evident in cases of great 
lava-floods, where the crust is lifted by upswelling of 
the sub-crust liquid and broken by great fissures through 
which the sub-liquid is outpoured on the surface and the broken 
crust block readjusted by gravity in new positions. What is 
the cause of the intumescence of the sub-liquid in these cases, 
whether elastic force of steam incorporated in the magma by 
excess of water from above, or whether by hydrostatic pressure 
transferred from a subsiding area somewhere else, we do not 
know. 



THE LATE SESSION OF THE INTERNATIONAL CONGRESS 

OF GEOLOGISTS AT LONDON. 

By Pebsifob Frazrr. 

Although several members of the late Congress took ample 
notes of the proceedings, no one has put his notes into the 
form of a permanent record in advance of the official volume, 
except Col. Joaquim Filippe da Encarna9ao Delgado of 
the Portuguese engineer corps, director of the Geological Sur- 
vey of Portugal. 

There have been several causes for this ; one is that the dis- 
cussions at the London Congress settled very little if any 
thing, and barely if at all raised themselves above the com- 
monplace discussions in an ordinary meeting of a geological 
society. The Congress had no very important message for the 
world, and the world was not anxious to be informed of the 
business transacted by the Congress. 

Another reason may have been that those who were prepar- 
ed to give an account of the Congress were too busy to do so ; 

* Amer. Jour., vol. 32, p. 180; 1886. 
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but the principal reason is probably because from the repre- 
sentations of the English committee everybodj believed that 
the official volume itself would appear in a few weeks or, at 
most, a few months after the adjournment of the Congress. 
One can only surmise what has caused the delay, but the fear 
is that in spite of the anticipations of the London committee 
the volume is (apparently) as far from being issued as it was 
four months ago. 

The writer had the pleasure of presenting an account of the 
Berlin Congress in the columns of the American Journal of 
Science, Dec. 1885, and very shortly afterwards a volume with 
a few and unimportant changes which had received the revis- 
ion and endorsement of all those who took part in the debates 
of the Congress. The official volume of this, the third session 
of the Congress corresponds closely with the smaller digest, 
which was the only connected statement of the proceedings of 
the Congress accessible during the interval of three years from 
1885 until 1888. 

He koows from personal experience the difficulties which 
beset the path of the unofficial reporter of proceedings like 
these and can the more heartily accord his praise to the large 
quarto pamphlet of the learned and distinguished chief of the 
geological service of Portugal. 

There were some notable improvements over the methods em- 
ployed in Berlin which were noticeable in the London Congress 
and especially in the daily reports of the proceedings of the 
Council and of the general session of the Congress itself; with 
the untiring aid of the Abb^ Renard, Dr. Charles Bar^ois, and 
Dr. C. LeNeve Poster, the two sets of Journals were written 
out in full every day and printed at night, so that in the morning 
when the Council met at 9 :30 A. M., each member found lying 
before him on yellow paper, a record of the Council's proceed- 
ings of the day before, by the aid of which he could closely 
follow and intelligently amend the account read by the Secre- 
tary. The same was true when the Congress met after the 
Council meeting. The proceedings of the day before printed 
on white paper were distributed among the members. This 
convenience was due to the fore-thought of Mr. Topley and 
the devotion of the three gentlemen named above who frequently 
spent the greater part of the night in the work. It is the more 
surprising that with this troublesome matter of routine busi- 
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ness and debate out of the way, and the memoirs destined to 
publication in manuscript in the hands of the Secretaries, the 
official volume has not been out a month or more ago. 

The title of Col. Delgado's book is "Account of the fourth 
session of the International Geological Congress held in Lon- 
don in the month of September, 1888, by Joaquim Pilippe da 
Encarna9ao Delgado, Colonel of Engineers, Director of the 
geological works. Lisbon, National Press, 1889." The follow- 
ing is a summary of this book made by one who is not famil- 
iar with Portuguese. 

After relating that the sessions were held in the amphithea- 
ter of the University of London, and the arrangements were 
perfect to satisfy all the wants of such a Congress, he mentions 
that the first session was held the 17th of Sept. and the last on 
the 22d. The week following the sessions was devoted to geo- 
logical excursions so arranged that those interested m any 
particular part of the geological column were provided with 
an opportunity of studying it. The meeting of the British 
Association for the advancement of Science preceded that of 
the Congress, having been held in Bath from the 5th to the 
12th of September where likewise geological excursions were 
organized so that one could observe the upper paleozoic and 
the lower secondary rocks. 

The number of foreigners present at the Congress exceeded 
by many those at its other sessions. At Paris the number of 
members enrolled was 304, of which 194 were Frenchmen, and 
110 foreigners representing 20 different countries. The num- 
ber of members enrolled at London was 835, of which 348 were 
foreigners representing 26 countries in Europe, Asia, America 
and Australia. Of the number 380 actually present at the 
London session there were 140 who represented foreign coun- 
tries or distant colonies of Great Britian. The following table 
gives the statistics on this subject. (See Page 47.) 

The advantage of personal contact of such a large number 
of geologists from all parts of the world is evident, and the 
preceding table is the best argument in favor of the importance 
of an international geological congress, though certain mem- 
bers for reasons not easy to understand predicted before the 
opening of the session that the London session would be the 
last. 

The programme of the ordinary work of the Congress con- 
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sisted in the discussion of questions which hitherto had not 
been treated at all or which had been insuflSciently 
discussed at Berlin. Among the principal subjects of discus- 
sion should be mentioned especially a discussion 'relative to 
the geological map of Europe ; the classification of the Cam- 
brian and Silurian, and the Tertiary measures. The organ- 
izing committee resolved that one special session should be 
devoted to the discussion of the crystalline schists, and also 
that various questions of nomenclature should be treated 
which as yet had not been resolved by previous Congresses, 
or which the international committee on nomenclature had 
presented through the medium of the secretarj'. 
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380 



A large number of elaborate memoirs were presented by 
different geologists in order to facilitate the discussion and 
especially the discussion relative to the crystalline schists, the 
organizing committee having taken care to solicit from various 
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foreign specialists their collaboration and having printed the 
diflPerent works sent in one volume which was distributed 
among the members of the Congress. 

The Congress began its session at 7 :30 p. m. on Sept. 17, 
a great number of geologists being present. On the same day 
the committee on the map of Europe, the committee on 
nomenclature, and the Council had prepared divers reports, 
amongst others the nomination of the officers of the Congress 
and the members of the new Council. 

The session was opened by Prof. Beyrich, the President of 
the last Congress, who, after a brief discourse called upon Dr. 
Hulke, one of the general secretaries, to read a letter from 
Prof. Huxley, Honorary President, in which the eminent nat- 
uralist regretted that the state of his health would not permit 
him to attend the session. Sir Douglas Galton pronounced 
an English speech of welcome on the part of the committee of 
organization to the geologists of the different countries con- 
gratulating them upon the large number of representatives 
who were present. Professor Capellini thanked the speaker on 
behalf of the foreign members of the Congress. The report of 
the council of the last Congress including the list of members 
of the definitive bureau proposed by it, was received and elect- 
ed, including one vice-president to represent each country from 
which delegates to the Congress were present. 

Following this came the inaugural address of the President, 
Prof. Prestwich of Oxford, the Nestor of English geologists. 
After calling attention to the advantages of such gatherings of 
geologists coming from all parts of the world, he referred to 
the objects which were stated as the fundamental work of the 
Congress at its first session, viz : The uniformity of nomen- 
clature, of classification, and of coloration for geological maps.^ 

The session of the 18th Sept. was consecrated to the discus- 
sion of the Cambro-Silurian,that is to say, the classification of 
the lower Paleozoic. These measures have been studied by 
different geologists and very important memoirs were present- 
ed on them by the English and North American Committees. 

In view of the divergent views of the English and American 
committees representing the countries most directly inter- 
ested in the subject, and of their adherents in the general 

*The address of Prof. Prestwich has been separately printed and very 
largely distributed among geologists of different countries. 
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membership of the Congress no unanimity and therefore no 
conclusion was possible, although the discussion was main- 
tained with great temperance and consideration of expression. 
It was finally unanimously agreed to divide the Paleozoic into 
three parts, for which the names were not even suggested at 
this session, it being thought naturally fitting that this matter 
should form an integral part of the discussion at the meeting 
in Philadelphia. As part of this discussion was of course the 
time-honored difierences between the adherents of Murchison 
and Sedgwick, the chiefs of the schools of London and Cam- 
bridge, Prof. Lapworth proposed, as a means of accommo- 
dating the differences of these two schools, the terms Cam- 
brian, Ordovician and Silurian, giving to each those measures 
which he first described, entirely removed from the strata of 
his adversary, and giving a distinctive name to that sequence 
of beds which were claimed by both of them. Dr. Hicks, rep- 
resenting himself as a disciple of both schools, proposed to the 
Congress to accept Prof. Lapworth's proposition, and this was 
supported by Prof. Marr, adjunct professor at Cambridge, 
and one of the sub-committee on classification, who regarding 
the question from the paleontological point of view recognized 
the necessity of three names to distinguish the three divisions 
or systems. In honor of the distinguished savant Barrande, 
he proposed that the lower Silurian of Murchison be called 
Barrandian. This proposal evidently did not find favor with 
the assembly. 

Prof. Lapworth proposed the two terms protozoic and deu- 
tozoic to designate the first and second natural divisions of 
the Paleozoic, corresponding with the distinct epochs observed 
everywhere over the globe which were called lower Paleozoic 
(Cambrian, Ordovician, and Silurian), and upper Paleozoic 
(Devonian, Carboniferous, Permian). Dr. T. Sterry Hunt, 
who has studied the question carefully, seconded the proposal 
of Prof. Lapworth. Prof. Gosselet, while approving the term 
Ordovician rejected that of protozoic and deutozoic in view of 
the importance which the Devonian system assumes in the 
Ardennes. Prof. Kiiyser supported the division propose<l ])y 
the American Committee and accepted by Prof. Dewal(iU(\ of 
Taconic, Cambrian and Silurian. 

There is one phase of the question which is important, in 
view of the publication of the map of Europe, which will in- 
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fluence more or less the classification of the whole world. As 
it is a fact that the primordial fauna was first discovered in 
North America by Prof. Ebenezer Emmons prior to its discov- 
ery by Barrande in Europe, it is just, according to the laws of 
priority, to concede to America a pjirt of this classification. 
Furthermore, considered as a paleontological question, the 
Cambrian of Sedgwick comprises the second fauna which was 
discovered by this geologist before Murchison extended his in- 
vestigations to the region which contained it. Therefore, 
Sedgwick recognized that this fauna was entirely independent 
of the system of beds which included the Tertiary fauna, or the 
Silurian, properly so-called. 

It was remarkable that although many geologists from 
North America were present at the Congress, and among them 
many who were members of the sub-committee of the lower 
Paleozoic, not one presented himself to sustain these views ; 
on the contrary Mr. Gilbert, of Washington, declared himself 
indiflPerent to the choice of names, but insisted that before 
adopting any system the strata from hitherto unexplored parts 
of the globe should be examined. 

Prof. Otto Torrell declared himself an adherent of the 
Murchisonian nomenclature. He would propose, in opposition 
to the preceding speakers, that the term Cambrian be applied 
to the first fauna of Barrande, the lower fossiliferous beds of 
Olenellus, and that a special name be given to those lower 
clastic beds in which up to the present no fossils had been 
discovered. He rejected the term Ordovician, preferring to 
designate as lower and upper Silurian the beds above the Cam- 
brian. 

Dr. Barrois called attention to the inconvenience of employ- 
ing words not univocal for these divisions. The univocal terms 
were evidently preferable and had been recommended by the 
Bologna Congress and in the report of the secretary on nomen- 
clature. 

The Director general of the geological survey of the United 
Kingdom declared himself an ardent supporter of the classifi- 
cation of Murchison and thought "Ordovician'* unnecessary. 
Prof. Hull, Director of the geological survey of Ireland, 
espoused the same cause. Mr. Walcott illustrated the strati- 
graphic succession of the primordial faunas in America. The 
Cambrian (considering as such the lower system of fossilifer- 



International Congress of Geologists. — Frazer, 61 

ous beds of the lower Paleozoic) inclosed successively three 
distinct faunas : the lower Olenellus ; the middle Paradoxides ; 
and the upper characterized by Dikelocephalus and Olenus. 
This succession is exactly the same as that observed in Sweden 
and proves that the order of the appearance of the series all 
over the glohe ifi the remotest epochs was the same in Europe 
and America, which had not before been so positively dem- 
onstrated. 

In harmony with a resolution of the Council in regard to the 
manner of voting, scientific questions were not to be decided 
by vote, the influence of the predominating number of those 
members who are natives of the country where the Congress 
is held being sensibly felt. A committee of seven members 
was appointed to draw up a sketch of regulations for the vot- 
ing in future Congresses, and to report them at the last meet- 
ing of the Congress of London. 

In this session like the following it was permitted to several 
orators to make their remarks in English, which were prompt- 
ly and brilliantly rendered into French by Dr. Barrois, one of 
the Secretaries. 

The entire session of Sept. 19, and the greater part of that of 
the 21st, were devoted to the discussion of the crystalline 
schists. Important memoirs on this subject had been pre- 
pared by Hunt, Heim, Lory, Lehmann, Michael L^vy, Lawson, 
the geologists of the U. S. Geological Survey, and Lossen, 
which were printed and bound into a volume which was dis- 
tributed to all the members of the Congress. Profs. Kinahan 
and Kilroe, of the geological survey of Ireland, sent also mem- 
oirs to the Congress. It is useless to resume all these memoirs. 
Prof. Lory resumed the results of his studies of the western 
Alps. The crystalline schists, which fall into two groups, 
form a succession of regular and constant mineralogical char- 
acters. The upper group is composed of sericite schist, 
chlorite and amphibolic schists ("pietre verdi" of the Italian 
geologists). The lower group consists of mica-schists and 
gneisses, and intercalated concordantly with these beds of 
cipoline limestones, pure saccharoidal limestones and dolomi- 
tes. Prof Issel accepts the same views for the maritime Alps. 

Mr. Heim opposes entirely the views of the preceding speak- 
ers. He considers it premature to divide the schists into 
stratigraphical sequences based upon these petrographical 
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characters. He lays stress upon the metamorphism and mod- 
ifications due to contact, etc. 

M. Mattirolo from his investigations of the Western Alps 
believes that the Permian and Triassic rocks can present the 
characters of crystalline schists through metamorphism. 
M. Gosselet attributes to mechanical action the metamor- 
phism of the rocks of the Ardennes. 

Prof. Blake cites the rocks of Anglesey which the members 
of the Congress will visit in a few days, and remarks that a 
difference should be allowed between the effect of static 
pressure and dynamic movement which produces false bedding 
or cleavage. Both effects can be observed at the same point. 

Prof. Lapworth supports the principles enunciated by Heim 
and Lehmann from his studies of the Highlands of Scotland. 

Prof. Hull presents a memoir of Prof. Kilroe with illustra- 
tions from the rocks of Donegal. He considers that in the 
effects of metamorphism, it is fundamental to distinguish 
between the effects of mechanical and hydro-thermal agents. 
In his opinion mechanical movements might alone facilitate 
but could not produce secondary combinations. 

Dr. T. Sterry Hunt presented in a long and able discourse 
his crenitic theory. [This theory has been already several 
times presented to the readers of the ^'Geologist" and does not 
need repetition here.] Prof. Rene vier rejects the theory which 
would classify all the crystalline schists among the Archean. 

Prof, de Lapparent reminds the speakers that pressure of it- 
self without movement will not produce heat. 

Prof. Heim supposes that the heat is produced by successive 
shocks or tremors similar to those which arc observed in or- 
dinary earthquakes. Responding to a remark of Prof. Rene- 
vier he says that the trunks of the trees alluded to had not 
been transformed into gneiss, but were found in beds inter- 
calated in pseudo-gneiss. Lapparent cites schists in Brittany 
containing trilobites. 

Mr. Joseph MacPherson presented the results of his studies 
of the Archean series in Spain. 

Dr. Hicks denied that the general metamorphism of the pre- 
Cambrian rocks could be explained by pressure and contact 
and illustrated his remarks by the conclusions to which he had 
arrived from a study of the geology of Wales. 

Prof. Lessen, M. Michael Levy, Mr. A. C. Lawson, Dr. Geo- 
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H. Williams and others continued this interesting discussion 
which, however, according to the rules which the Congress 
adopted for its government was followed by no vote. 

On the 20th the discussion was directed to the limitations 
of the Tertiary and Quaternary terranes. 

Prof Renevier and Dr, Blanford think that the Quaternary 
should not be considered a group of equal value with Tertiary 
but should be regarded as a sub-division of the Tertiary. 

Prof, de Lapparent, Dr. Frederick Sacco of Tunis, Prof. Gos- 
selet, Prof. Pilar, and Mr. Evans think it important enough to 
rate independently. Prof. Prestwich while thinking the epoch 
of importance, as containing man, would call it Plistocene. 

During the session of the 21st of Sept. Dr. Hauchecorne pre- 
sented the first sheets of the geological map of Europe, repre- 
senting a part of central Europe, comprising a part of Denmark 
and Sweden, the greater part of Germany, Holland, Belgium 
and a part of France, including the Ardennes. The map was 
constructed on a scale of ^sooooo ^ and has for principal merid- 
ian that of Paris, but also on one of the margins has the longi- 
tudes referred to London. 

On Saturday the 22d was the concluding session. The com- 
mittee on the method of voting consisted of Capellini Presi- 
dent, de Lapparent Secretary, Blanford, Inostranzeff,Neumayr, 
T. Sterry Hunt and Zittel. This committee recommended 
that the vote on any question should be divided into two parts : 
1st, that of the members from other countries than that in 
which the Congress was held, and 2d that of the members who 
are natives of the country where the Congress happens to be 
held. If these two votes are accordant the result may be ac- 
cepted as final. If they disagree it will be considered that the 
question has not been sufficiently studied, and the resolution 
will be submitted to another Congress. 

At the session of the 19th, Prof. Frazer presented a long list 
of scientific societies and institutions of higher instruction in- 
viting the Congress to hold its next session in the United 
States, and others inviting the Congress to select respectively 
Philadelphia and New York as the place of meeting. Two 
days later an invitation was received by cable from major 
Powell for the Congress to meet in Washington. The Coun- 
cil received with the greatest enthusiasm these invitations, 
which was shared by Profs. Stur and Neumayr in the name of 
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the geologists from Austro-Hungary, who hoped that the suc- 
ceeding session — that of 1894 — would be held in Vienna. 

On the motion of Prof. Capellini the Council decided that a 
committee consisting of Frazer, Gilbert, Marsh, Newberry, Ster- 
ry Hunt and Walcott should constitute a provisional commit- 
tee, with the addition of the names of Profs. James Hall and 
J. D. Dana, which committee should select the city where the 
re-union should take place and name the organizing commit- 
tee. By unanimous vote the city of Philadelphia was selected. 

This unanimous vote received by the Council was presented 
by the President to the Congress at its session of the 21st 
September, and approved by acclamation ; as likewise was the 
proposition by the President to send a telegram of thanks to 
the mayor of Philadelphia. 

One of the motives for selecting this city as the seat of the 
future Congress was that the university of Pennsylvania has 
resolved to celebrate in 1891 its centenary, on which occasion 
it will draw thither savants from all parts of the world. An- 
other reason is that there will be at that time a re-union of 
the International Medical Congress in Washington, and many 
of the distinguished foreign members of the latter will be in- 
vited to participate in the ceremonies of the University, which 
is one of the five oldest in America and the second in point of 
equipment in halls, laboratories, and other adjuncts of a great 
centre of higher instruction. Three millions of dollars addi- 
tional will be invested in furtherance of its aims. The Pro- 
vost of the University authorizes Prof. Frazer to offer all the 
necessary facilities to the Congress for its meeting in the halls of 
the University. But the principal reason which decided the 
choice of Philadelphia before the other cities of the Union was, 
that the idea of assembling an international Geological Con- 
gress took shape in 1876 during the celebration of the centen- 
ary of the independence of the United States by the Interna- 
tional Exposition at Philadelphia. The *comite fondateur' of 
the Congress was appointed by the American Association for 
the Advancement of Science at its meeting in Buffalo during 
the before-mentioned year, and received the official name which 
the American Committee (its direct continuation) has retain- 
ed at all subsequent Congresses, of "Comite fondateur de Phil- 
adelphia." The invitation was signed by the mayor of the city ; 
the president or chief oflBcer of all the principal institutions of 
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science and education ; the principal executive officers of the 
city ; the select and common councils ; the judges of the courts ; 
the military officers of the U. S., resident in the city ; the 
presidents of the banks, of the great railways, of the large indus- 
trial institutions; by large numbers of the most eminent law- 
yers, merchants, and in short by representatives of the most 
important activities of the city. With the patriotic and liber- 
al spirit of Americans, Profs. T. Sterry Hunt and Frazer declar- 
ed that they hoped to be able to effect a reduction of the ex- 
pense of the voyage to America and back to Europe to half the 
ordinary cost, as was done for the members of the British As- 
sociation for the Advancement of science during its session in 
Montreal in 1884. Further, as three of the presidents of the 
great trans-continental railway lines had joined in the invita- 
tions, it was probable that excursions to the Rocky mountains, 
to Canada , to the great lakes , and to the south would be ar- 
ranged for the foreign members at greatly reduced rates if not 
almost gratuitously. 

The last session of the Council had a long discussion rela- 
tive to organizing the international committee on nomencla- 
ture, the old one having ceased to exist from the opening of 
the London Congress. Prof. Cappellini put the question 
whether it should be newly nominated, preserving the func- 
tions which it previously had, or whether it should be 
dissolved, or whether it should be changed so as to possess 
only some of its previous functions. 

Prof. Renevier was of the opinion that the functions of the 
Congress should terminate and that the Congress should name 
committee-men who should discuss by letter certain questions 
and seek to procure harmony. It was not necessary to pre- 
serve a large international committee. M. Stefanescu was 
opposed both to the dissolution of the old committee and to 
the propositions of M. Renevier, as in the case of the accept- 
ance of them the committee would lose its international char- 
acter. Mr. Evans thought that the best practical means was for 
every nation to name a committee and for these committees to 
discuss the matters by correspondence. Prof. Gosselet thought 
that a committee on nomenclature ought to be retained and 
that each nation should have one vote in this committee. M. 
Issel thought that it was very important for the professors of 
geology if the Congress should indicate to them the road to 
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pursue. From the point of view of education a uniform sys- 
tem of nomenclature was necessary, and in support of his view 
he cited the enormous progress of chemistry due in great meas- 
ure to the adoption of general rules of nomenclature. Prof. 
Zittel was of the opinion that it was very useful to have a 
committee on nomenclature, since the existing committee had 
accomplished such excellent work, but that the committee 
should occupy itself with general questions and not discuss 
particular affairs. 

In the end the proposition of Mr. Evans was approved to name 
anew a committee on nomenclature like the one now existing, its 
members to organize in their respective countries national 
committees to study these questions and to communicate with 
each other by correspondence. By an amendment of Prof, 
de Lapparent all geological societies, and all the geological 
institutes and surveys existing were included in the resolution. 
After a short discussion the Council proposed the following 
list of members which should compose the international com- 
mittee of nomenclature and this list was approved unani- 
mously by the Congress. 

C4ermauy Prof. Zittel. 

Australia Mr. Jiiversidge. 

Austria Mr. Neuuiayr. 

Belgium Mr. Dewalque. 

Bulgaria Mr. Zlatarski. 

Caiuula Dr. Robt. Bell. 

Denmark M. Johiistrupi). 

Unitod SUtes Prof. James llall. 

France Prof, do Lapparent. 

Great Britain T. McKonnov Hughes. 

Spain Vilanova y tiera. 

Hungary Szal)0. 

India Blanfurd. 

Italy Capellini. 

Mexico Castillo. 

Norway Kjerulf. 

Hollan<l Calkor. 

Portugal Delga«lo. 

Argentine Republic lirackonbusch. 

Roumania Stefaneseu. 

Russia Inostranzeff. 

Sweden Torell. 

Switzerland ." Renevier. 

By resolution of Prof, de Lapparent the President and Sec- 
retary of the old committee became the President and Secre- 
tary of this one. 

Prof. Prestwich then resumed in a few words the work which 
the Congress had accomplished. Resolutions of thanks were then 
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passed to the senate of the University of London and to all those 
who had assisted the Congress in its work, &c. Prof. Capel- 
lini in a few graceful phrases expressed the gratification of 
the foreign members and regretted the absence, owing to sick- 
ness, of Prof. Huxley. The President in accordance with a 
vote then passed declared the Congress adjourned. 

In the remaining part of his book Col. Delgado describes the 
collections both of the Congress itself and of tlie museums 
visited by its members, the excursions, &c., and concludes 
with a few words of faith in the utility of the Congress and 
appreciation for the labors of the English committee. 



REVIEW OF RECENT GEOLOGICAL LITERATURE. 



The rock-scorings of the great ice invasions. By T. C. Chamberlin. 
Pages 147-248. (Accompanying the seventh annual report of the 
director of the U. S. geological survey). Fifty figures, mostly repro- 
duced from photographs, are inserted in the text, illustrating various 
conditions in glacial erosion and striation, both of the bed rocks and 
of the boulders and pebbles in the drift. Very instructive and extraor- 
dinary glacial markings, supplying about a quarter part of these 
illustrations, are found on the Corniferous limestone surface of Kelly's 
island in the west part of lake Erie. There the Strite in one place 
follow the winding channel of a water-course that is worn several feet 
deep in the rock ; and specimens of glacially fluted limestone are 
obtained which resemble the massive mouldings of architecture. 
Striie have been recorded in about 2,500 localities upon the glaciated 
area of the United States, being in some districts too numerous for 
representalion on the accompanying map ; while in other districts, 
some of which, as notably the Adirondack mountain group, doubtless 
have abundant glacial markings, no observations of them liave been 
obtained. 

The geographical distribution and topograpliical relations of the 
striae, especially the varying positions of the striated surfaces, and the 
influence of topography as atfecting the distribution of striae are con- 
sidered in much detail ; and the evidence points indubitably to the 
grinding and scoring action of a vast sheet of land-ice moving radially 
outward from central areas of maximum accumulation. Amplifying a 
simile of professor Newberry, the author remarks: **The glacialist 
should be able to distinguish with as much certainty the traces of a 
glacier or of an iceberg or ice-floe as the hunter the track of a y)ear or a 
moose or a serpent. A glacier may be likened to an ophidian, crawl- 
ing prone ; an iceberg, to a digitigrade, walking on its toes ; an ice- 
floe, to a semiplantigrade, setting down the edge of its foot." 

Intersecting striae on the same rock surface, and adjacent surfaces 
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diversely striated, are referable, for the great majority of cases, to deflec- 
tions of the glacial currents near the border of the ice-sheet during its 
recession, belonging thus to a single glacial epoch rather than to succes- 
sive ice-sheets separated by an interglacial epoch. But in some instances, 
notably in northern Indiana, president Chamberlin has observed 
crossing systems of striae that quite certainly belong to different epochs. 
There are also in the same district two sets of moraines, which com- 
plete the demonstration of a movement from the east that over-rode 
territory previously invaded from the north. 

Considering the abrading and scoring action •f the ice-sheet, it is 
compared to a plow, a file, and a sled ; and the author concludes that 
much the larger part of the work of striation and polishing was the 
result of action analogous to that of the file. The simplest form of 
striation, consisting of fine, hair-like lines, is attributed mainly to 
sand and silt caught between the larger erratics and the bed-rock over 
which they were being forced. Where larger, obdurate particles were 
entrapped, deeper scorings were made. Under this view the abrupt 
origin and disappearance of some of the striio are quite readily ac- 
counted for. When a particle was overtaken by a slab or a flat-bot- 
tomed boulder embedded in the ice, it was forced strongly into the 
under surface and kept in action as a graver until the boulder passed 
over it, unless sooner worn out or crushed, when it was abruptly freed 
from the exceptional pressure. 

The manifold phiises of glacial planation, embossment, grooving, 
striation and polishing are very fully discussed in this paper, as to 
their characteristics, their mode of origin, and their significance 
respecting the history of the glacial epoch; and the map displays the 
limits of the drift-covered area across the United States, and the 
courses of the glacial striaj. 

Die Sidmme des Thierreichs. Von M. Neumayr. ErsterBand: 
Wirbellose Thiere, 1889. The first volume of this remarkable work 
has recently appeared. It is a large octavo comprising over 600 pages, 
illustrated by 192 cuts, and is the outcome of more than a quarter of a 
century's work and observation . The first one hundred and fifty pages are 
devoted to the general discussion of animal morphology and evolution. 
The chapters on the various sub-kingdoms are each introduced by a full 
consideration of the leading anatomical features after which is a more 
detailed notice of the sub-groups. The Protozoa occupy approximately 
55 pages ; the Coelenterata, 140 pages ; Echinodermata, 150 pages, and 
the Vermes 95 pages. The part relating to the echinoderms is partic- 
ularly interesting and suggestive. The obscure and curious group of 
cystids appears to be of considerable more importance than has hither- 
to been commonly regarded. The genetic relations of the Echinoder- 
mata are thus expressed : 

Crinoids. Echinoids. Stellerids. 



■Cystids. 
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The Crinoidea are sub-divided into two great groups, Epascocrinen 
and Hypascocrinen; according to whether the mouth and food grooves 
are open or closed. The division of the Crinoidea based upon this 
character has recently been shown to be untenable and has been 
abandoned. The second volume of this important work will be issued 
shortly. C. R. K. 

The Archean Geology of the region northwest of lake Superior, By 
Andrew C. Lawson. (In Etudes sur les achiatea criatallins; published 
by the Comite d* organization of the late London session of the Inter- 
national Congress of Geologists, London 1888.) In this paper are given 
concisely the main points reached by the author in his late studies in 
the region mentioned, for the Canadian geological survey. The rocks 
of the Archean he divides into upper and lower divisions, the lower 
being the gneisses and syenites of the Laurentian, and the upper the 
crystalline schists and the sericitic schists and graywackes. He regards 
the Laurentian as the ancient floor on which the upper Archean was 
deposited, but which has since been fused and rendered **magmatic," 
so as to penetrate fissures and overflow considerable areas of the upper 
Archean ; that primarily an older rock it is, in its present condition 
and position, a younger rock than the schists. The upper Archean he 
descril^es as a very distinctly stratiform assemblage of rocks, partly of 
detrital sediments and partly of volcanic ejectamenta, separable into 
Coutchiching, the crystalline schists proper, and Keewatin, or the 
sericitic schist group. The former were laid down in a period of 
extreme quiescence, but the opening of the Keewatin * 'appears to have 
been the beginning of a widespread volcanic activity which lasted 
throughout.*' There is apparent conformity between the two series, 
according to the author, but owing to the profound contrast in petro- 
graphic characters he considers that the line of demarkation between 
them represents an historical break which is of the nature of an 
unconformity. 

As to the nature of the contact between the upper Archean schists 
and the lower Archean gneiss, the author recognizes the difficulty 
which geologists will find in accepting his hypothesis that the gneiss 
is both older and younger than the schists. "There is now no trace of 
that floor, in the condition in which it must have been when other 
rocks were laid upon it.** » * ♦ * 'On the contrary it presents the 
most convincing evidence of bearing the same relation, subject to 
certain qualifications, to the upper Archean that an eruptive rock 
bears to the strata through which it breaks.** The author conceives 
that the Laurentian sediments were depressed, after the accumula- 
tion of the upper Archean, so as to come within the fusion plane of 
hydro-thermal agents, and that they were in this magmatic condition 
not only re-crystallized but were extruded through the upper Archean, 
which the author supposes did not experience this fusion, or if it did 
the original rock was converted to Laurentian hornblcnde-s^'enite (if 
from the Keewatin) or Laurentian biotite-granite-gneiss (if from the 
sediments of the Coutchiching). 
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Mr. Lawson meets the natural objection, that in the original Lauren- 
tian are quartzytes and limestones, whose general characters and 
stratiform arranjrement indicate that they are sijnply altered sedi- 
ments, by the suggestion that these will be found on careful examina- 
tion to bear the same relation to the great bulk of the granitoid 
gneisses that the upper Archean bears to the lower in the rejrion 
northwest of lake Superior, i. e., that they are simply included, isolated 
or disrupted portions of beds that normally belong above the gneiss, 
that have been covered by overflow. 

There are several points in Mr. Lawson*s general scheme that are 
new, and some that at another time will be compared with results that 
have been reached by the Minnesota geological survey, with which 
they do not entirely agree. 

CORRESPONDENCE. 



The Taconic in the Salt Range of Punjab (India). Two letters 
which I have just received from India and England establish beyond 
any doubt the existence of the primordial fauna in the Salt Range 
mountains; adding a third areaof Taconic rocks in Asia (one in China 
and anoth'ir in Siberia). Mr. A. B. Wynne in his very remarkable 
memoir: *'Geolo;ry of the Salt Range of Punjab" 187S Mem. Geol. 
Surv. Indiay vol. xiv, Calcutta) at p.p. 68 and 80, refers some beds 
containing Obolus and some other earliest forms of brachiopoda to the 
Silurian. The fossils were determined by that excellent and much 
lamented paleontologist and geologist, the late Dr. F. Stoliczka. 

In 1878, Dr. A. Waagen, the successor of Stoliczka as paleontologist 
of the geological survey of India, expressed an opinion entirely differ- 
ent, regarding the ''boulder or Obolus beds'* as Lower Carboniferous, 
saying that the * 'small brachiopod most nearly allied to OholvSj from 
which Wynne has concluded prematurely that the beds are Silurian" 
was not well determined. (See "geographical distribution of fossil 
organisms in India," p. 276 in Rec. Geol. Surv. India, vol. xi, Cal- 
cutta.) 

Following his view Dr. Waagen in the introduction of his great work 
on "the Salt Range fossils," p. 3, Calcutta, 1879, places the "06o?Ma 
beds'* in his **Productu8 limestone" of the Carboniferous system, and 
in order to sui)port this new departure he did not hesitate to create in 
1S85 four new genera. Neobolus, which does not possess any real 
biological difference from the genus OboluSy Schizopholifft Davidsonelln, 
and Diacinolepsis; and finally he described also two new Lingula. All 
that little brachiopod fauna is figured and described at great length in 
his "Prodactus-limestone fossils," at p.p. 748-770. All that fauna, 
five genera and eight species, composed exclusively of Taconic 
forms of brachiopoda, most characteristic of the primordial brachio- 
poda of North America and Europe is placed, without hesitation by 
Dr. Waagen, in the Carboniferous system, third division, at the base of 
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what he calls the **Magnc8ian sandstone group'* as his *'Neobolus 
beds'* instead of the '*Obolus beds*' of Wynne and Stoliczka; saying 
that the term ^^Productus limestone** applied to the whole series "must 
be now considered as a synonym oi Carboniferous.** (Preface p. vii; 
Prague, 1887.) In the same preface, which has been issued at the end 
of the **Salt Range fossils,'* Calcutta, 1887, Mem. Oeol. Surv., India, 
series xiii, 1 and 7, Dr. Waagen refers the conularix of the ''speckled 
sandstone" or the Cretaceous **01ive group" of Wynne, also to the 
Carboniferous system, placing them above his ''Neobolus beds" and 
below the mountain limestone fauna. That other most extraordinary 
inexact paleontologieal interpretation and view, was not accepted by 
all the practical geologists of the survey, and it was opposed, as well 
as his idea of the **Obollu8 beds" being Carboniferous, by Messrs. 
Medlicott, Wynne, Warth, and Richard D. Oldham. Dr. Waagen did 
go so far in that singular preface as to speak of * 'animosity" and * 'con- 
tempt" for his geological ages of the strata of the Salt Range ; because 
all these good and original investigators disagreed with him. These 
complaints of Dr. Waagen are not well founded ; he explored himself 
once the SaltRan^c mountains in company with Mr. Wynne, and he 
saw the **Obolus beds" lying under and in unconformity with the 
Carboniferous ; and if he had adopted Stoliczka's determination of 
primordial fossils, he would have easily considered his extraordinary 
confusion of placing a whole system of strata in the Carboniferous, 
with which it has absolutely nothing in common. 

A most important discovery has just come to light, which puts an 

end to the great errors held with such pertinacity during the last ten 

years by Dr. Waagen. The indefatigable Dr. Worth, the discoverer 

of the primordial brachiopod fauna and of Conxdariay has found some 

trilobites in the "Obolus beds." One of them is a Conocephalites 

which Dr. Waagen himself says is very nearly related, if not i«lenticai 

viiih Conoc ephalites fonnosns Hartt, from the St. John group of New 

lirunswick, North America; and another trilobite is perhaps an 

OlenuSy or more likely a Dorypyge. There is no question that such 

form of trilobites can not ))e of Carboniferous age ; thev are decidedlv 

I^wer Paleozoic and belong to the Middle Taconic. The truth is tliat 

Dr. Waagen, against stratigraphy, against lithology, and what is worse 

for a paleontologist, against paleontology, has referred and inclosed in 

liis Carboniferous system of Punjab: first, the primordial fauna and 

the Taconii! system, and second, the ''Olive group" of the Numimilitic 

age; two errors so enormous that they remind one «)f t})e transfer of 

the primordial fauna above the second an(i even the third by rt»rtain 

American geolojzists; an*! the enclosin.L' of tlu* Trias, Jnnissii." and 

Nco«!omian of Tr».\as and New Mexico in the Dakota or marly clialk of 

Europe. 

We have these examples as well in Asia as in North America 
of the absolute necessity to chock the works of a certain class of pale- 
ontoloirists, too apt to err in following preconccMvod ideas. An exact, 
careful an<l sharply delineated stratigraphy made by practical ob>crv- 
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era trained by long researches in the field, must always come first; and 
all the hasty synchronism and equivalency of faunae be carefully 
avoided. A severe control of all the facts by able investigators must 
be resorted to before jumping at conclusions. These remarks are 
more and more necessary in order to keep constantly on our guard 
against the too numerous confusions introduced anomalously as a 
regular crop of errors by the special class of paleontologists. Of course 
paleontologists like Barrande, Emmons, Agassiz, Edward Forbes, 
Alcide d'Orbigny, Deshayes, d'Koninck, de Verneuil, instead of 
introducing errors, have been the originators of great truths, 
and have contributed immensely to the progress of stratigraphy and 
paleontology. In my long experience in both hemispheres I have 
seen several examples of how some paleontologists easily created new 
genera, or identified fossils, straining the plain paleontological evi- 
dence ; and I can not insist too much on putting younger practical 
geologists on their guard not to accept authorities without a severe 
control. 

The last contradiction and confusion has just been called to my 
attention; it is contained in Mr. Walcott's paper: ''Stratigraphic 
position of the Olenellus fauna in North America and Europe." 
Mm«r. Jr. /Sc, May, 1880, p. 374.) The author says : '*The relative 
position of the Middle and Lower Cambrian fauna is now changed, the 
Paradoxides zone being removed to the Middle, and the Olenellus 
zone to the Lower Division;*' a chasse-crois^e to which we have been 
accustomed. For Mr. Walcott there is only one horizon of Olenellus 
in Europe and North America, and in his hasty paleontological class- 
ification he had put together all the fossils of the Georgia group with 
those of Manuel brook. Conception bay, Newfoundland, an uncalled 
for confusion, showing how Mr. Walcott differs in his method of deal- 
ing with classification of stratigraphical facts and paleontological 
determination of fossils from Mr. Mathew and myself. I refer to the 
two papers lately issued: ''On the classification of the Cambrian 
rocks in Acadia No. 2," by G. F. Mathew; and "Olenellus beds in 
Scandinavia and North America'' contained in my paper, ''Canadian 
classification for the province of Quebec," in which a move in the 
right direction has been fairly' started. I hope to be able to publish 
before long a paper on "Olenellus and Paradoxides in both hemi- 
spheres," in which I shall treat at length of the stratigraphy and 
synchronism of the different groups of the middle Taconic. 

S7 May 1889, Cambridge, Mass. Jules Marcou. 



PERSONAL AND SCIENTIFIC NEWS. 



Dr. T. Sterry Hunt has partially recovered his health ; 
has returned from Florida and is at the home of his friend 
James Douglas at Spuyten Duyvil, N. Y. 

Dr. Persifor Frazer, one of the editors of this journal, 
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who left Philadelphia May 16th for the city of Mexico, for the 
purpose of some scientific work there has returned after an 
absence of about a month. 

According to J. B. Tyrrell, in the Canadiaii Record of 
Science^ the gypsum deposits of Manitoba, are practically of 
about the age of the Onondaga formation of New York and 
western Ontario. 

The posthumous publication of Prof. A. H. Worthen's, 
volume VIII, of the report of the Illinois geological survey, is 
an event, which geologists will eagerly welcome. Chapter i, 
of which advance sheets have appeared, edited by Dr. Josua 
Lindahl, is devoted to the drift deposits of Illinois, and gives 
expression to views unfavorable to the glacial theory of 
Agassiz. 

According to Mr. James M. Swank the year of 1888 wit- 
nessed the greatest production of iron ore and of pig iron in the 
history of the United States, the latter amounting to 7,268,507 
tons and the former to 12,050,000 tons. At the same time 
there was a shrinkage in the production of Bessemer steel rails 
from 2,101,904 tons in 1887, to 1,386,278 tons in 1888, a de- 
crease of 715,626 tons, which is greater than the total product 
of the United States in 1879, when we made 610,692 gross tons. 
From the Lake Superior region were shipped 5,023,279 gross 
tons of ore in 1888 ; of this the Marquette range supplied 1,921,- 
525 tons, the Gogebic range 7,424,762 tons, the Menominee 
range 1,165,039 tons, and the Vermilion range 511,953 tons. 

An Alaskan Glacier. The most accurate information yet 
obtained concerning these glaciers is that gathered by Mr. 
William P. Blake in 1868. According to him, "there are four 
large glaciers and several smaller ones visible within a dis- 
tance of sixty or seventy miles from the mouth" of the river. 
The second of these larger ones has attracted most attention. 
This **sweeps grandly out into the valley from an opening be- 
tween high mountains from a source that is not visible. It 
ends at the level of the river in an irregular bluff of ice, a mile 
and a half or two miles in length, and about one hundred and 
fifty feet high. Two or more terminal moraines protect it from 
the direct action of the stream. What at first appeared as a 
range of ordinary hills along the river, proved on landing to be 
an ancient terminal moraine, crescent-shaped and covered with 
a forest. It extends the full length of the front of the glacier." 
This glacier has never been fully explored. A number of 
years since, a party of Russian officers attempted its explora- 
tion, and were never heard from again. Mr. Blake reports 
that, as usual with receding glaciers, a considerable portion of 
the front as it spreads out in the valley is so covered with 
bowlders, gravel, and mud that it is difficult to tell where the 
glacier really ends. But from the valley to the higher land it 
rises in precipitous, irregular, stair-like blocks, with smooth 
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sides, and so large that it was impossible to surmount them 
with the ordinary equipment of explorers. The glacier is es- 
timated to be about forty miles long. — Prop. G. F. Wright, in 
the Popular JScioioe Monthly for June. 

Apropos the Mention op the Classipication op the Cri- 
NoiDEA by Neumayr in his Stiimme des Thierreichs, another 
note may not be impertinent. The recent investigations among 
fossil crinoids have brought- to light many features of great 
morpliological import, rendering necessary some modifications 
in the existing systematic arrangement. With this in view 
there will shortly appear, it is understood, a joint revised 
classification of the class, by Messrs. Wachsmuth and Spring- 
er, and Dr. P. H. Carpenter of England. The paper will be 
issued simultaneously in this country and Europe. 

The Marietta Scientipic Association was recently organi- 
zed at Marietta,Ohio, for the promotion of scientific inquiry and 
the investigation of all scientific matters that may oe of in- 
terest in the immediate vicinity of Marietta. It is tributary 
to Marietta college, and its collections will be deposited in the 
college museum. The president is T. D. Biscoe, and the cor- 
responding secretary is C. K. Wells. 

Prof. G. Frederick Wright, of Oberlin, recently made a 
cursory examination of some parts of the gorge of the Mis- 
sissippi river between Minneapolis and Fort Snelling, for the 
purpose of noting personally the points of evidence in the 
discussion of the recession of the falls of St. Anthony bear- 
ing upon the date of the glacial epoch, as brought out by 
Prof. Winchell in vol. it, of the final report of the Minnesota 
survey. 

The Circular of the Permanent Secretary of the Toronto 
meeting of the American Association for the Advancement of 
Science has been issued. The session will begin August 27th 
at noon, by a meeting of the Council. Th« first general ses- 
sion will begin at ten o'clock on the 28th. The American 
Geological Societv will hold a meeting at Toronto, Aug. 28th 
and 29th. 

Sometime ago Dr.Stkphen Bowers, of Ventura, California 
reported that, in grading the streets of that city, some teeth 
and bones had been found which he supposed were those of a 
fossil llama. These teeth, together with some other fossils 
from Ventura countv. have more recentlv been examined by 
Dr. Tjorenzo G. Yates, of Santa Barbara, and he pronounces them 
cusps of tb -J tooth of a mastodon. This decision will probably 
be accepted by geologists owing to the well-known long study 
that Dr. Yates has pjiven the subject of the mastodon, his re- 
mains and former distribution, in California. Remains of the 
mastodon have been found in so many places on the Pacific 
slopo that it is plain that he roamed extensively over the plains 
of California. 
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SKETCH OF THE LIFE OP DAVID DALE OWEN, M. D. 

His ancestry^ hirthy education and marriage. Dr. D. D. 
Owen's father was Robert Owen, the philanthropist, cele- 
brated for his cooperative experiments, first in Scotland, and, 
later, at New Harmony, Indiana. Dr. Owen's mother, the 
eldest daughter of David Dale, merchant and Lord Provost 
of Glasgow, Scotland, was married to Robert Owen in 1797, 
and David Dale Owen, their third son who lived to maturity, 
was born at Braxfield House, near New Lanark, Scotland, 
June 24th, 1807. 

His early training, under a private tutor, embraced chiefly 
instruction in the English branches, the rudiments of Latin, 
and a course of architectural drawing. At the same time a 
portion of each day was devoted to acquiring facility in the 
use of carpenters' tools, materials and instruction being furn- 
ished at the extensive mechanical department connected with 
the large cotton manufacturing establishment of Dr. Owen's 
father. Later the Lanark academy, or grammar school, furn- 
ished additional classical training for a college course. Rob- 
ert Owen, while traveling on the continent of Europe, had vis- 
ited the celebrated educational institution of Emmanuel Fel- 
lenberg, near Berne, Switzerland, and was so much pleased 
with the system pursued, equal attention being directed to the 
physical, moral and intellectual development, that he sent his 
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oldest son, Robert Dale Owen, there, (subsequently in the U. 
S. the author of several works, member of Congress and U. S. 
Minister at Naples) accompanied by his next brother, William 
who a few years after his emigration to the United States, 
died at New Harmony, Indiana. After they returned from 
their three-year course. Dr. D. D. Owen and his younger broth- 
er Richard Owen were sent there (in 1824) and remained also 
three years. 

The physical training at this institution, consisted in daily 
gymnastics,athletic games,weekly excursions, and in vacations, 
spent in traveling on foot with knapsack and "alpen-stock," 
averaging about twenty miles daily, while traversing each year 
a new portion of Switzerland. The moral education consist- 
ed in the formation of class-circles, for mutual improvement, 
each presided over by a member of the senior class, and meet- 
ing regularly under their leader. These reported to the "gen- 
eral assembly'Vhich was convened at intervals by Mr. Fellen- 
berg, who, besides, met all the students every evening for a 
brief period of opening prayer and invitation to any one who 
desired to make an observation, either bearing on his own 
case or that of a classmate. 

The intellectual course for the more advanced classes, was 
partly optional, and Dr. Owen and brother selected chemistry, 
drawing, and modern languages, in addition to the usual math- 
ematical and literary course ; on returning to Scotland, Sept. 

1826, they entered the chemical and pKysical classes of Dr. 
Andrew Ure, lecturer at the Andersonian Institution, in Glas- 
gow, where their mother then resided ; Robert Owen having 
meanwhile emigrated to the United States in order to test his 
social experiment at New Harmony, Indiana. For that place 
Dr. Owen and brother left Liverpool, in a sailing vessel, Nov. 

1827, passing through the West India Islands, and reaching 
New Orleans about the last of December ; thence arriving by 
steamer at New Harmony, early in January, 1828. Here, with 
the chemical appliances which had been brought from Glas- 
gow (purchased when visiting the chemical and glass works 
of that city), the experiments made by Dr. Ure, and which 
had been repeated each day at home in Glasgow, were again 
reviewed, until 1831-2. Up to this time Dr. D. D. Owen and 
his brother, Richard Owen (who afterwards for nine years fill- 
ed the chair of Nat. Science in the Western Military Institute 
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and, after serving nearly three years as colonel in the federal 
army, occupied for 15 years a similar chair in the Indiana 
State University) had never been separated a single day ; and 
it is from the latter reliable source that the chief details of the 
early life of Dr. Owen have been derived. 

In 1828, Dr. Owen on arrival in the United States declared 
his intention of becoming a citizen ; but in 1831, in order to 
further qualify himself in chemistry and geology, he again 
sailed for Europe and, in company with the late Prof. Henry 
D. Rogers, both of them making their home at the house of 
Robert Owen, attended the lectures of Dr. Turner, at the Lon- 
don University. Returning in the Autumn of 1832, Dr. Owen 
narrowly escaped falling a victim to Asiatic cholera, which at 
that period had reached the western portions of the United 
States. After his recovery, he commenced the study of medi- 
cine at the Ohio Medical College, in Cincinnati, with a view of 
improving himself especially in anatomy and physiology, as 
essential aids in the study of paleontology. 

During the summers of these years, Alexander Maclure 
brother of the noted geologist, William Maclure, having ad- 
ministered on that estate, engaged Dr. Owen to arrange the 
very extensive collection of minerals and fossils made by his 
brother during his exploratory travels, in Europe, the United 
States and West Indies. From this collection. Dr. Owen was 
to distribute specific suites to the indicated schools and col- 
leges. This duty he performed. He was to retain the residue, 
as the nucleus of a museum. To this latter Dr. Owen subse- 
quently added largely, by purchase from Dr. Krantz of Ger- 
many, illustrative fossils of every period ; among others an 
Ichthyosaurus, from the Lias of Wurtemberg, larger than the 
one in the British museum. Another interesting and valua- 
ble specimen was a nearly complete skeleton of a gigantic meg- 
atheroid animal (the Megalonyx) which he exhumed near 
Henderson, Kentucky. The entire collection some years after 
Dr. Owen's death was purchased by the Indiana University 
and unfortunately nearly all consumed by fire, when the 
new university building, including the Museum, Laboratory 
and Library, was destroyed. 

Dr. Owen, after graduating M. D. in the spring of 1836, spent 
one summer in accompanying on a state survey. Dr. Gerard 
Troost, state geologist of Tennessee, a former resident of New 
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Harmony. This field work was undertaken by Dr. Owen at his 
own expense for the sake of preparatory practice in field geology. 
On the 23d of March, 1837, Dr. D. D. Owen was united in 
marriage to Caroline C. Neef, third daughter of Joseph Neef, 
formerly coadjutor of Pestalozzi, in his educational establish- 
ments at Yverdun and Burgdorf castle, Switzerland. 

Dr.D.D^ OwerCs geological surveys, arranged chronologically. 

1. Immediately after Dr. Owen*s marriage he commenced 
his labors as state geologist of Indiana, having been appointed 
to that position by the state board of agriculture. His prelim- 
inary reconnoissance, made during the years 1837 and 1838, 
was published in an 8vo vol. of 133 pp. and republished in 
1859. Greology being in 1838 but little known to our western 
people a brief introductory exposition of the leading forma- 
tions was given in the report ; and then attention was directed 
to the coal fields, iron ores and building stones of Indiana, in 
all of which the State is abundantly rich. 

2. During the survey the Hon. James Whitcomb, the gov- 
ernor of Indiana, had ample opportunity of becoming ac- 
quainted with Dr. Owen's qualifications, so that when, as 
commissioner of the land office, Washington, he was directed 
by Congress, through Hon. Levi Woodbury, Sec. of the 
Treas., to have a survey made of the Dubuque and Mineral 
Point districts of Wisconsin and Iowa, comprising 11,000 
square miles of the N. W. territory, in order to reserve from 
sale those sections found to contain mineral wealth, he selected, 
as the director of that examination. Dr. D. D. Owen. In order 
that the report might be made within the required time it 
became necessary to organize a large corps. The difficulties 
attendant upon this work can best be appreciated by the peru- 
sal of an extract from his report of 191 pages made April 2, 
1840, to the commissioner of the general land office. 

After showing the requirements, Dr. Owen says : I therefore 
immediately commenced engaging sub-agents and assistants, 
and proceeded to St. Louis ; there (at my own expense, to be 
repaid to me out of the per diem of the men employed) I laid 
in about three thousand dollars worth of provisions and camp 
furniture, including tents, which I caused to be made for the 
accommodation of the whole expedition ; and in one month 
from the day I received my commission and instructions 
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(to-wit, on the 17 Sept.) I had reached the mouth of Rock 
river \ engaged one hundred and thirty-nine sub-agents and 
assistants; instructed my sub-agents in such elementary 
principles of geology as were necessary to the performance of 
the duties required of them ; supplied them with simple min- 
eralogical tests, with the application of which they were made 
acquainted ; organized twenty-four working corps, furnished 
each with skeleton maps of the townships assigned to them 
for examination and placed the whole at the points where their 
labors commenced, all along the line of the western half of the 
territory to be examined. Thence the expedition proceeded 
northward, each corps required, on the average, to overrun 
and examine thirty quarter sections daily, and to report to 
myself on fixed days at regularly appointed stations : to receive 
which reports and to examine the country in person, I crossed 
the district under examination, in an oblique direction, eleven 
times in the course of the survey. Where appearances of par- 
ticular interest presented themselves I either diverged from 
my route in order to bestow on them a more minute and 
thorough examination, or when time did not permit this I 
instructed Dr. John Locke, of Cincinnati (formerly of the 
geological corps of Ohio, and at present Prof, of Chem. in the 
Medical College of Ohio) whose valuable services I had been 
fortunate enough to engage on this expedition, to inspect these 
in my stead." 

3. The above work having been completed to the satisfac- 
tion of the department, and having demonstrated the enterprise 
and energy of Dr. Owen, he was appointed in 1847 U. S. 
Geologist and directed to make a survey of the Chippewa land 
district. The Preliminary Report made in 1848 to the Hon. 
R. M. Young, then commissioner of the land oj£ce, occupies 
134 8vo pp., besides presenting 323 lithographs from Dr. 
Owen^s sketches, and numerous maps, diagrams, &c. 

4. The above preliminary reconnoissance was by instruc- 
tion from Washington extended to a more full survey of the 
N. W. territory, embracing chiefly Wisconsin, Iowa and Min- 
nesota, which occupied five years of field work, and a final 
year of laboratory and office work, being then continued from 
1847 to 1852 both inclusive. The full report in manuscript 
having been approved. Congress made a large appropriation 
for its printing and illustration in a high style of art, entrust- 
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ing Dr. Owen with the entire detail. Considerable saving was 
made by inviting competition in the various departments of 
printing, lithographing, engraving on steel and wood. In this 
report of 638 quarto pages, besides the numerous maps, dia- 
grams, &c., many of the illustrations are from the original 
drawings of Dr. Owen, who had great facility in sketching. 
The wood-cuts in the body of the work, and some diagrams 
are from sketches made by his brother. Prof. Richard Owen, 
who accompanied Dr. Norwood in the survey of the north shore 
of lake Superior in 1849, taking also the barometrical and 
thermometrical observations. The other assistants in this 
N. W. survey were Drs. Shumard and Litton of St. Louis, Col. 
C. Whittlesey of Cleveland, 0., Drs. John Evans and B. F. 
Meek of Washington, Messrs. B. C. Macy, Henry Pratton, 
George Warren and John Beale of New Harmony, Dr. Leidy 
of Philadelphia, described the mammalian and some other 
fossils. In the publication of this work Dr. Owen, for the 
first time, brought the medal-ruling style of engraving to bear 
on fossil specimens. Besides Ammonites and other figures, 
the large Inoceramus from Nebraska, medal-ruled on steel 
from the original specimen, is a magnificent illustration of the 
excellence of that style, thus applied. 

5. In April 1854 Dr. D. D. Owen was selected by governor 
Powell, of Kentucky, as state geologist and continued to occu- 
py that position for five years. He published the results of 
this survey from time to time, finally completing four large 
8vo volumes, with maps and illustrations, the last volume 
embracing over 600 pages. In this survey and subsequently 
in that of Arkansas,Mr. E. T. Cox then of New Harmony and 
now of New York, was Dr. Owen's principal assistant. The 
chemical work and report were made by Dr. Robt. Peter of 
Lexington, Ky. 

6.' In October 1857, when nearing the completion of his 
Kentucky survey. Dr. Owen accepted the position of state 
geologist of Arkansas, tendered him by governor Conway. 
This gentleman afi'orded Dr. Owen every facility, and between 
them there always existed the most cordial good feeling. In 
1860 the civil war already threatened, and postal communica- 
tion between the north and south was considerably interrupted, 
when the work for the second volume of the Arkansas report 
had been about completed and Dr. Owen had died ; but gov- 



Life of David Dale Owen, M- D. 71 

ernor Conway made every effort, and succeeded, in Bending 
safely several thousand dollars due from the appropriation, 
and required for the publication of the second volume, a duty 
undertaken by Prof. Richard Owen, as administrator at the 
request of the family of Dr. D. D. Owen, he having dictated por- 
tions of his report up to within two or three days of his death 
and having given full instructions regarding the details of 
publication. The chemical assistant in this survey was Dr. 
Elderhorst, author of a work on the blowpipe, a former grad- 
uate of VanRensselaer Institute, Troy, N. Y. 

7. In 1859 Dr. D. D. Owen accepted the appointment, a 
second time offered him, of state geologist of Indiana, with the 
understanding that the work should be executed by his 
brother, Dr. Richard Owen, who had then, in view of the im- 
pending crisis, resigned his professorship at Nashville, Tenn. 
The results of these two years' survey were embodied in a 
report comprising 368 8vo pages, with wood-cuts, diagrams, 
etc., by Dr. Richard Owen, who after his brother's decease had 
been appointed state geologist. The last of this report was 
read by him in camp, he having entered the federal service as 
lieutenant-colonel of the 15th Indiana volunteers. The 
assistants in this survey were Prof. Leo Lesquereux, for field 
examination, and Dr. Robt. Peter, for laboratory work. 

Persinial characteristics, death, family left. 

A remarkably prominent feature in Dr. Owen's lifework was 
his indefatigable perseverance, even under great difficulties. 
While on the Red river of the North with a Canadian voyageur, 
the latter permitted his fowling piece, used for procuring 
game, to be discharged in such a manner as to lodge a number 
of shot in Dr. Owen's shoulder. But he did not permit the 
accident to delay him an hour. Again, although he found the 
Arkansas summer surveys, often made in the rich malarial 
bottoms, highly detrimental to health, bringing him home in 
the autumn with a hue denoting strong malarial derangement 
of the liver, he not only persevered in the surveys, but 
continued his laboratory winter work usually until midnight ; 
and, as remarked above, while suffering acutely during his 
last illnesSjdictated the closing portions of his Arkansas report 
until within 48 hours of his death. His skill as an artist 
enabled him, besides leaving some good portraits in oil of 
members of ^ his family, richly to illustrate his reports. He 
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also transmitted to London on canvas in distemper, views of 
the fossil Sigillaria found erect in situ 12 miles from 
New Harmony. These drawings and the description were 
presented by Sir Roderick Murchison at a meeting of the 
British Association for the Advancement of Science. Dr. 
Owen subsequently conducted Sir Chas. Lyell to the locality 
during his second visit to the United States, while his guest at 
New Harmony. It is worthy of note that the early surround- 
ings of Dr. Owen were calculated to promote and strengthen 
this inherent artistic taste and skill. The scenery amid which 
he was born included, within a radius of a few miles, several 
waterfalls, yearly visited by thousands of travelers, the noted 
Cartland crags, Wallace's cave, and other scenery introduced 
by Sir Walter Scott in some of his romances ; besides, within 
a short distance, the classical ground described in the "Lady 
of the Lake," the Trossacks, Ellen's Isle and Loch Lomond ; 
with Ben Lomond not far distant, which mountain Dr. Owen 
ascended during his travels in the Highlands of Scotland ; a 
fitting preparation for subsequent ascents in Switzerland to a 
hight on several occasions of over 9,000 feet. 

Dr. Owen's amiable simplicity and integrity of purpose were 
remarkable ; his kindness and liberality noted. His fondness 
for chemistry and skill in that department induced him to 
build at a cost of $10,000 a laboratory fully equipped in every 
respect ; serving as a fine specimen of his good taste in archi- 
tecture; which was also further evinced by artistic design 
which he furnished for the Smithsonian buildings. He also 
tested great varieties of building stone, before the selection of 
material was made for that institution. 

The unrelaxed strain upon the physical and mental powers, 
of which the above brief statements may serve to give some 
idea, resulted in undermining an originally good constitution. 
Malarial fever complicated with rheumatic attacks, which 
threatened that great internal muscular organ the heart, ter- 
minated Dr. Owen's career of usefulness. He left a widow, 
two sons and two daughters, all of whom survive, besides 12 
grandchildren. 

Dr. Owen had enjoyed his laboratory only a year or two 
when he was called from his unremitting labors to his eternal 
rest, November 13th 1860, leaving an unsullied reputation 
for conscientious scientific work, and causing his many warm 
friends to mourn their sad bereavement. 
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METEORITES AND WHAT THEY TEACH US. 

II. 

By H. Henbol]>t, Ph. D. 
Assistant in Natural History, School of Mines, Columbia College, New York. 

Fortunately it is an easy matter to distinguish meteoric 
iron from iron which has been artificially produced, no matter 
when or by whom. If we file or grind a piece of meteoric 
iron so as to produce a smooth, or better still, a polished sur- 
face and apply to this surface a few drops of diluted hydroclo- 
ric, sulphuric or nitric acid,we shall see it covered,as if by mag- 
ic, with extraordinary parallel lines, rods or bars, intersected 
by others under certain definite angles. They are exhibited 
almost' invariably by the iron of meteorites and are known as 
Widmanstattian lines from their first discoverer. They are 
due to a crystalline structure of the iron and to the fact of its 
being nearly always alloyed with a small quantity of nickel 
(also a trace of cobalt and copper). Crystallization, 
as pointed out by Dr. Huntington,* in some respects 
may be looked upon as a purifying process. When a 
mineral crystallizes it invariably endeavors to rid it- 
self of foreign particles, which are generally present, by driv- 
ing them to the periphery where they form a zone or layer. If 
the crystallization is then interrupted and resumed again at a 
later period the expelled matter will form a zone in the crys- 
tal, often of extreme regularity and this [process may be re- 
peated a dozen times, so that in the sections of many crystals 
we find a series of zones of such foreign particles, each repre- 
senting the outline of the crystal at a certain period of its de- 
velopment. 

Now during the solidification of the meteoric iron there was 
an eff'ort as it were on the part of the pure iron to rid itself of 
the nickel by driving it in successive layers to the margin ; 
thus we have in the meteoric irons bars of almost pure iron, 
the so-called Balkeneisen or kamacite alternating with nar- 
row seams of iron rich in nickel, the taenite or bandeisen. 

The Widmanstattian lines were already discovered in 1808 
and as early as 1816 Sommering recorded his opinion, as the 
result of careful angle-measurements, that they were due to an 

* "On the crystalline structure of iron meteorites*' Proc. Am. Ac. 
Cambridge, 1886, p. 491. 
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octahedral crystallization. Now in 1848 another set of lines 
was discovered in certain meteoric irons by Neumann, especial- 
ly in the iron which fell at Braunau in Bohemia in 1847. These 
lines, which are quite different from those above described, 
were found to denote a cubical crystallization and they have 
since been known as Neumann lines. They intersect each other 
at right angles, parallel to the faces of a cube and sometimes 
are traversed by diagonal lines, indicating a twinning of the 
cube. 

The Widmanstattianand Neumann lines have hitherto served 
as a basis for dividing the iron-meteorites into octahedral and 
cubic irons. Dr. Oliver W. Huntington however has success- 
fully shown that such a classification is neither natural nor 
fundamental and that the Widmanstattian figures and Neu- 
mann lines are sections of planes of crystalline growth paral- 
lel to the three fundamental forms of the isometric system, 
namely the octahedron, the cube and the dodecahedron. 

Analysis has revealed that the cubic irons are purer (less 
alloyed with nickel, etc.) than the octahedral ones and Tscher- 
mak especially draws attention to the fact that in the case of 
artificial irons the pure iron tends towards a cubic crystalliza- 
tion with markings like the Braunau meteorite. This can be 
strikingly observed in the so-called spiegeleisen, a variety of 
cast-iron. 

The element of time is of primary importance in determining 
the crystalline structure of the iron, as during a very slow pro- 
cess there would be a more complete elimination of foreign 
materials than during a rapid solidification. The action of 
the process of crystallization in eliminating impurities pro- 
duces effects with many minerals not unlike those of the Wid- 
manstiittian figures, as we may see in rock-sections containing 
leucite, nosean, nepheline, etc.^ That excellent observer Dr. 
Huntington also draws attention to the mica from Chandler's . 
Hollow, Delaware, in which particles of magnetic oxide of iron 
are deposited in lines, which are also sections of planes of 
crystalline growth. Plates of this mica present, in the con- 
figuration of their lines, a close analogy to the etched surfaces 
of octahedral meteoric irons. 

Prof. Sorby, in an article published in "Nature" in 1877 (vol. 

'Vide 0. W. Huntington **0n the crystalline structure of iron meteor- 
ites.'' 
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XV. p. 498) writes : "These facts clearly indicate that the Wid- 
manstatt's figuring is the result of such a complete separation 
of the constituents, and perfect crystallization, as can only 
occur when the process takes place slowly and gradually. 
They appear to me to show that meteoric iron was kept for a 
long time at a heat just below the point of fusion, and that we 
should be by no means justified in concluding that it was not 
previously melted. Similar principles are applicable in the 
case of the iron masses found in Disco ; and it by no means 
follows that they are meteoric, because they show the Widman- 
statt's figuring." 

Now these Greenland iron masses were discovered by Nor- 
denskjold in August 1870. It had been known for a long time 
that the Esquimaux were in possession of knives and hatchets 
which they had themselves made from iron, which seemed to 
be meteoric, as it exhibited the Widmanstattian lines. These 
implements were found in such abundance among the inhabi- 
tants of the southwestern coast of Greenland as to induce the 
belief that their supply of the raw material must be very con- 
siderable, but nothing could induce the natives to reveal the 
locality. In 1870 Nordenskjold succeeded in clearing up the 
mystery and from information which he obtained at Upernavik 
he procured guides and proceeded to the island of Disco, a lit- 
tle to the south, under Lat. 69° 19/, where he found what he 
believed to be the largest meteorite ever discovered. It was 
an iron-mass about six feet long and nearly as broad, weighing 
no less than 42,000 pounds. Within a few yards from it lay 
another, weighing 16,000 pounds, and four or five more of les- 
ser weight, but the entire sea-shore was also strewn with iron 
pebbles, varying from the size of a sand-grain to that of a 
cocoa-nut. Most of the larger masses presented the usual 
features of meteoric irons, in their outward appearance as well 
as their chemical constitution, for it was found that they con- 
sisted of iron alloyed with nickel and cobalt. Small wonder 
therefore that Nordenskjold and even Tschermak for a long 
time persistently adhered to the opinion that they were of cos- 
mic origin. But a careful examination of the locality by 
Steenstrup, who visited Disco in the Spring of the following 
year (1871), revealed the startling fact that these irons are, 
without exception, terrestrial, and have been weathered out of 
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a huge bed of basalt, which contains metallic iron in abund- 
ance. 

Steenstrup found that at Disco, within a few hundred yards 
from the shore, the cliffs rise to a hight of 2,000 feet above the 
sea level. A basalt-breccia of dark-green color, and about 200 
feet in thickness, rests on an ancient fundamental Gneiss. 
Above the breccia lies a bed of vesicular basalt wacke, the cav- 
ities containing cabasite, mesotype, analcime and other 
zeolites and this again is covered by a basalt-sheet of enormous 
thickness, sometimes attaining one thousand feet, composed 
mainly of anorthite, augite and native iron, the latter often 
in nodules of considerable size. This immense basalt stratum, 
produced by volcanic outbursts on the grandest scale during 
the miocene period can be followed along the entire western 
coast of Greenland, extending far beyond Smith's sound, over 
ten degrees of latitude, until it finally disappears under a huge 
glacier. We shall probably never know how far this gigantic 
lava stream, with its incalculable wealth of nickeliferous iron, 
stretches to the frozen North. 

About ten years ago the writer, when examining a number 
of thin sections prepared from the meteorite of Braunfels, 
which was found in Germany in 1878, made a discovery which, 
however, he did not follow up in its important bearings, on 
the origin of these cosmical bodies, as the meteoric character 
of the Braunfels specimen was not clearly established. Tsch- 
ermak and Brezina, for instance, declared the meteorite of 
Braunfels to be a pseudo-meteorite, on the ground that it 
differed so much in its structural features from every other 
known meteorite, as to render its extra-terrestrial origin very 
doubtful. But quite recently the writer has made the same 
discovery in the meteorite of Loutalaks, a well authenticated 
meteorite, which fell in Pinnland in 1813 and also in that of 
Nobleborough, Lincoln county, Maine, as well as in that of. 
Bustee, which fell in India in 1852. These meteorites are of a 
brecciated character and belong to a class which has been 
called howardites by Gustav Rose. They consist of angular 
fragments of anorthite, pyroxene, etc. with little or no metallic 
iron. 

Now the writer's discovery, does not, like that of Dr. Otto 
Hahn, relate to organic remains ; if it did it is doubtful 
whether he would have the courage to communicate it to the 
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world after Hahn's ludicrous fiasco. He has simply discov- 
ered fluid enclosures in the secti^s of at least three meteor- 
ites, minute cavities, filled with a liquid such as we find in 
abundance in terrestrial rocks. This may seem a very trifling 
matter, but we shall soon see that its significance is very 
great. 

There is nothing more common in terrestrial minerals than 
little enclosures of fluid. If we prepare a thin section from 
one of the whitish quartz-pebbles to be found in every river- 
bed or gravel deposit and examine it under the microscope 
with a low magnification, we observe the whole field crowded 
with minute dust-like particles like a sort of cloud. Now if 
we increase the magnification these dots will enlarge in pro- 
portion to the power employed till each expands into a well- 
defined cell or cavity, in the interior of which a round object 
is seen constantly moving about. These cell-like objects are 
cavities filled with a liquid and the moving body in each is a 
bubble which is perpetually altering its position. In the 
largest of the cavities the motion is barely perceptible, but in 
the smaller ones it is quite lively, the bubbles darting rapidly 
from one side of the cell wall to the other. Now what causes 
the white appearance of the so-called milky quartz? Some 
coloring-principle, one would naturally conclude. Nothing of 
the kind ; the white color is entirely owing to the presence of 
countless millions of fluid enclosures. The cavities do not 
imprison a white liquid ; the white color is merely an optical 
phenomenon due to the reflection of the light, by the myriad 
walls of the cavities. We have exactly the same thing in snow, 
which is not white by virtue of a color ; if we melt it we get 
the clear water of which it is composed. 

Before we return to our meteorites a few observations on 
the cause of this perpetual motion may not be out of place. 
This bubble-movement has nothing to do with "Brownian" 
motion. In the latter we have minute solid particles driven 
about by molecular currents in a liquid. If, for instance, we 
dissolve a little Indian ink or gamboge in water and examine 
a drop of this under a **quarter" or "sixth" objective, we are 
startled to behold a very lively motion of the minute particles, 
a motion which never ceases till the drop has evaporated, 
and if we were to enclose it in an air-tight cell it would con- 
tinue for years, or centuries for that matter. This is Brown- 
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ian motion. But the bubble-movement in our fluid cavities 
is due to the ever-vaiying temperature of the atmosphere. 
The temperature of the air which surrounds us is never con- 
stant, although we can not with our coarse instruments per- 
ceive very small differences. We only see the rise and fall of 
our thermometers after changes more or less considerable, but 
in reality there is a perpetual change of level in the quicksilver 
column. If we were to focus a high-power objective on the 
marginal level of that column we should see it constantly 
shifting and never observe it at rest. The same effect can be 
shown with a delicate spirit-level. If a spirit-level be placed 
on a table and so adjusted that the bubble is in the center, the 
holding of one's hand in the air within a foot's distance from 
the end of the tube suffices to cause a disturbance. The 
warmth of the hand drives the bubble slowly from its position 
which it will resume when the equilibrium is restored. 

The liquid imprisoned in the cavities of quartz and other 
minerals is generally water. Sometimes this water is strongly 
charged with chloride of sodium and in the cavities of many 
granites (notably in those of Cornwall) we frequently observe 
cubic salt-crystals floating about in the liquid. This would 
indicate a saturated solution which once doubtless filled the 
entire cavity, but in the course of ages some of the water 
either evaporated through the rock or a considerable lowering 
of temperature took place so that a corresponding quantity of 
the salt was precipitated. Occasionally the liquids are hydro- 
carbons, oily, petroleum-like substances. 

About twenty years ago Vogelsang and Geissler made the 
singular discovery that in many rocks the ipaprisoned fluid 
consists of carbon dioxide, liquified carbonic acid, and from 
experiments which the writer has made, he has come to the 
conclusion that the fluid contained in the cavities of the 
meteorites of Loutolaks, Noblesborough and Bustee is like- 
wise COj. On warming the meteoric sections by means of a 
wire coiled around the slide and observing the temperature on 
a stage-thermometer, the writer invariably found that the 
bubbles suddenly vanished when a temperature of 
about 30^ C. was reached, but returned again in cooling 
without any apparent diminution in size or moving- 
capacity. Now between 30° and 31° C. lies the so- 
called ^^critical point" of carbonic acid, that is, above 
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this temperature carbonic acid can not exist in its liquid con- 
dition, however great the pressure may be to which it is 
exposed. This is in accordance with an interesting law the 
existence of which has been proved beyond any doubt by 
recent investigation. After certain temperatures are reached 
liquids enter into the gaseous state, no matter what the pres- 
sure may be. The temperature under which a certain liquid 
is no longer able to retain its characteristic features, but 
transforms itself into a gas, has been called by Prof. Andrews, 
of Belfast, its "critical point*' and from experiments made by 
him it has been convincingly shown that it is not possible to 
maintain the liquid condition of CO^ at any temperature 
beyond 30°92'C. In all the cavities contained in these 
meteoric sections which have come under the writer's obser- 
vation the bubbles suddenly vanished at a temperature of 
from 30° to 31° C, sometimes even exhibiting that peculiar 
phenomenon of ebullition to which Mr. Noel Hartley, more 
than ten years ago, already drew attention. Now if the 
enclosed fluids had been water the bubbles would not have 
shown the least indication of a change at this temperature. 
The writer heated a section of quartz, the cavities in which he 
knew to contain water, to the boiling point without detecting 
the smallest effect on the bubbles. 

Among the many chemical tests which have been resorted to 
in order to determine the presence of carbonic acid in mineral 
cavities we will only mention that of Vogelsang and Geissler, 
of Bonn, who crushed rock-crystals in which cavities occurred 
which they suspected to contain liquified CO^, under baryta 
water, and observed that the latter became turbid, owing to 
the formation of carbonate of baryta. 

Now, taking for granted that the fluid material contained in 
the cavities of these meteorites, is really carbonic acid, which 
we may safely do, as it presents no points of analogy to any 
other known substance, and that the bubbles, which move so 
restlessly about in their tiny prisons are the same substance 
in its gaseous condition ; what do these facts teach us respect- 
ing the circumstances under which the meteoric masses were 
originally formed? 

Carbonic acid is a gas which can only be reduced to the 
condition of a liquid by extreme pressure. It requires a pres- 
sure of no less than 65 atmospheres to condense CO2, which is 
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equivalent to a column of water 2,000 feet high or a rock- 
stratum of about 700 feet thickness. Wherever we find en- 
closures of liquid carbon dioxide in terrestrial rocks — and we 
finjj them frequently — we may take it for granted that the 
formation of those rocks took place deep in the earth's crust 
under the gigantic weight of superincumbent masses. Cavi- 
ties containing CO^ often occur in basalts and other so-called 
"basic" lavas, which are known to be derived from deep-seat- 
ed reservoirs beneath volcanoes, where besides the weight of 
tremendous rock-masses above we have the compressing force 
of great quantities of elastic vapor held in confinement, while 
in the so-called acid lavas(lavas rich in silica)of which there is 
very conclusive evidence that they are formed at no such very 
great depths, the presence of liquified CO2 is extremely rare. 
The fact that these cavities are often contained in the quartz of 
granites may be regarded as a most important evidence that 
the granites have been formed deep in the earth's crust, under 
conditions of enormous pressure and we never find this liquid 
in sedimentary strata or any other materials which are unlike- 
ly to have been exposed to extreme pressure during their for- 
mation. 

But how about extra-terrestrial rock-masses? How about 
meteorites in which we find liquified carbonic acid in millions 
of minutes cavities? Could they have originated under circum- 
stances totally different from those which prevail on this 
globe? Could the CO, in them have been condensed to a: liquid 
without extreme pressure? Certainly not; this would be little 
short of a miracle and as we cannot conceive the possibility 
of such a great pressure in a meteorite, weighing only a few 
pounds, we are driven to the conclusion that those bodies at 
one time of their history, existed in the interior of mightier 
masses, planets perhaps, of which they are the fragments. 

Ithas,as we know,been ascertained by the means of the spec- 
roscope that the fixed stars are for the greatest part composed 
of elements identical with those which prevail on this globe 
and that most of the planets that are within our observation 
are composed of materials very similar to those which consti- 
tute the earth we have strong grounds for believing. Then we 
know that the sun's temperature is so enormous that all the 
non-metallic elements and many of the metallics are in a con- 
dition of vapor and the rest of the metals in a state of fiery 
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liquid, and that probably all the fixed stars are similar masses 
in different stages of cooling. We furthermore find traces of 
mighty igneous action on those planets which are nearest to 
our observation, for instance the moon, which is covered in 
many parts of its surface with volcanoes on the grandest scale 
(now, as it seems, extinct for ever) and our own earth yet dis- 
plays mighty volcanic forces which seem to have been grander 
still in the past. 

What, therefore, can there be improbable in the supposition 
that among the myrig^ds of those fiery drops or half cooled 
orbs, but in whose interiors mighty volcanic elements still are 
busy, one should explode now and then and people the universe 
with its fragments. We have evidence to prove that in past 
periods of the earth's history the explosive force of vapors 
held in confinement has been great enough to blow away 
mountains ten miles in diameter, leaving chasms which are 
now, in many instances filled by lakes. On the island of Ti- 
mor, for instance, an active volcano, which was visible from a 
distance of 300 miles at sea, was blown away during a terrific 
eruption, and the circular lakes of Italy, Auvergne, the Eifel, 
etc., mark the sites of ancient volcanoes. The remarkable 
ring-mounds which we observe on the moon have in the writ- 
er's opinion, originated in the same manner and tell a tale of 
explosions so stupendous and terrible that the mind can bare- 
ly conceive it. What eruptive forces have been able to achieve 
on this globe even a few years ago is shown by the occurrences 
on the island of Java and during the still greater eruption 
of Papandayang in 1772 more than half the mountain was 
blown away, it was in one single night reduced in height from 
9000 to 5000 feet. 

That heavenly bodies, such as planets, should be capable of 
exploding seems not only possible but extremely probable. If 
in the interior of our own planet the force of vapors held in 
confinement has been great enough to transplant gigantic 
mountains and to effect the most appalling changes in the as- 
pect of the surface, there is nothing illogical in the conclusion 
that vast accumulations of gases may lead to the scattering 
of whole worlds or that the violence of explosion may ruin 
them partly, hurling fragments far enough to place them be- 
yond the attraction of the remaining wrecks. On such stu- 
pendous explosions taking place it is almost certain that great 
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numbers of fragments would be sent through space in similar 
directions, forming swarms which, on coming within the at- 
traction of some great body, would take definite courses, while 
many others would be so directed as to diverge the further 
they move, till each pursues a solitary path. The magnificent 
showers of so-called shooting-stars, have been proved to be 
caused by the passage of the earth through such bands of trav- 
elling bodies, and even comets have now been identified with 
streams of planetary bodies of minute size, moving in regular 
orbits through our system. 

Now as it is extremely probable that many meteorites are 
fragments of the celestial bodies vastly mightier than them- 
selves, their closer examination leads us to the conclusion 
that at least some are derived from planets very similar to, if 
not identical in composition with our globe, and that they 
come from the interiors of those masses and are the resultants 
of explosion. If we examine those minerals which most fre- 
quently occur in meteorites, we are startled to observe that 
they are almost without exception those which constitute the 
basic lavas, viz. : those volcanic rocks which, as we have al- 
ready pointed out, are derived from the deepest seated igneous 
reservoirs in the crusts of our planets. Olivine, enstatite, au- 
gite, anorthite, magnetite and chromite are most frequently 
contained in meteorites and these are the very minerals of 
T^hich the basic and ultra-basic lavas almost exclusively con- 
sist. Masses bearing the most striking resemblance to me- 
teorites are sometimes ejected from volcanic vents in the 
shape of so-called volcanic bombs and even metallic iron has 
now been discovered in the most basic of all known terrestrial 
lavas, viz : the Ovifak basalt, iron alloyed even with two other 
metals, nickel and cobalt, which form so characteristic a fea- 
ture in the iron of meteoric origin. 

We know comparatively little of the interior of our planet, 
being only acquainted with a very insignificant portion of its 
crust and even the basic lavas, which in all probability repre- 
sent the deepest known regions of that crust, furnish us with 
but very scanty information respecting the nature of the 
vastnesses beneath. But though we shall probably never be 
able to ascertain the condition of the interior of the earth 
by direct observation we are in the position to say that the 
masses forming the bulk of this interior must be quite dififer- 
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«nt from those which constitute the crust. It has been estab- 
lished that the average density of the earth is a little over 6^ ; 
in other words the earth weighs 5^ times as much as a globe 
of the same size composed of water, but that the specific grav- 
ity of the known crust, viz., the average weight of the rocks, 
minerals, etc., with which we are acquainted is less than 2^. 
We are thus driven to the conclusion that the interior of the 
globe is composed of substances having more than twice the 
density of those which we find at the surface. 

Now it seems to the writer that in the meteorites which 
•have from time to time fallen upon the earth's surface we 
have been provided with a most important collection of 
objects on which to study the character of its interior. Being 
the fragments of other planets they confirm in a remarkable 
manner those general conclusions which we have been enabled to 
draw from undisputed facts respecting the interior of the 
globe. The density of by far the greatest number of them 
wonderfully coincides with that of the greater portion of the 
globe. It has often been pointed out that the interior of the 
earth is in all probability a vast metallic mass consisting 
mainly of iron, and among the meteorites we have a great 
preponderance of iron-masses, while the different classes of 
meteoric, with exception of the chondrites (which beyond 
doubt have resulted from the accumulation of cosmic parti- 
cles) represent a variety of lesser depths, those which are of 
an essentially stony character being delivered from portions 
of the crust. 

It has been the writer's endeavor in the above to give a brief 
outline of what has been accomplished in recent years by 
those devoted to the study of meteorites. Much of what he 
has stated will be nothing new to those who may be acquainted 
with the existing literature on meteorites and who have kept 
pace with the progress of recent inquiry. But it would gratify 
him if his efforts have awakened more than a passing interest 
in others, if he should have succeeded in showing that the 
study of meteorites has an importance far beyond that which 
they have hitherto attributed to it ; that it is of importance 
alike to the physicist, astronomer and philosopher; that with- 
out it no rational conception of the constitution of this uni- 
verse is possible and that even now no progressive geologist, 
mineralogist, chemist or teacher of natural history — in short 
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no one who pretends to a scientific education — can afiford to 
ignore it. 

NOTES ON THE ORE-DEPOSIT OP THE TREADWELL 

MINE, ALASKA. 
By Gborqk M. Dawson, D. S.. F. 6. S. 

Assistant Director Greological Survey of Canada. Read before the Royal Society of 

Canada, May 8th, 1889. 



The Treadwell mine, situated on Douglas island, Alaska, is 
a somewhat remarkable ore-deposit, and has of late years be- 
come prominent as a producer of gold. I am not aware that 
any systematic description of the character of this deposit has 
yet been published, and this circumstance may render the fol- 
lowing notes on its mode of occurrence of interest, while the 
microscopical examination of the gold-producing rock by Mr. 
F. D. Adams, throws further light on the character of the de- 
posit. My examination of the mine itself was made, by the 
kind permission of Mr. Treadwell, while I was on my way 
back from the Yukon District in the autumn of 1887. 

Attention was first drawn to this deposit, by the discovery 
of gold-placers, which were worked for several years previous 
to the finding of the ore, and in a few cases were found to pay 
well. The gold of the placers was fine, but rough and unworn 
in character. The placers occurred on the surface of the ore- 
mass itself and on the rather steep slopes running down from 
its outcrop to the shore, and must have been produced by the 
natural decay of the ore subsequent to the glacial period, as 
they were found to lie above the boulder-clay, which fills many 
of the hollows and rests directly on the rock wherever it oc- 
curs. It may be noted here in passing, that Mr. Treadwell in- 
formed me that barnacles and various marine shells had been 
found still adhering to the surface of the rock, in places from 
which the clay had been excavated, up to a hight of 150 feet 
above the present sea-level. 

The ore-mass, which has been extensively exposed by strip- 
ping and proved as well by several drifts, has a thickness of 
about 400 feet. Its length, or at least the length of that part 
of it which will pay for working, is not accurately ascertained 
but must be considerable. It runs in a general northwesterly di- 
rection,parallel to the shore of the eastern side of Douglas island 
and is bounded to the northeast and southwest by dark, rather 
slaty argillites, which, from analogy with similar rocks which 
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I have examined on the coast of British Columbia, to the 
southward, may very probably be of Triaesic age and referable 
to the Vancouver series of the reports of the geological survey of 
Canada.* On the northeast side, in the immediate vicinitv of the 
Treadwell mine, the ore-mass is bounded by a zone about sev- 
enty feet in thickness of greenish schistose slate, but it is un- 
certain whether this zone owes its character to peculiar alter- 
ation, or to a difference in original composition, as the slaty 
rocks as a whole, do not show any marked degree of altera- 
tion in the vicinity of the ore. A slate 'horse,' more or less 
completely silicified, is passed through in one place in the 
main working* drift, but its character as a portion of the coun- 
try rock is still clearly apparent. The argillites or slaty rocks 
are often found to be flexed and tilted at high angles along 
this part of the coast, and it is probable that the main period 
of elevation of the coast ranges has been subsequent to that of 
their deposition. 

The ore itself presents none of the characters of that of an 
ordinary lode or vein, being without any parallel banding or 
arrangement of its constituent minerals, and showing no such 
coarse crystalline structure as a lode of larger dimensions 
might be expected to exhibit. It is, on the contrary, a nearly 
homogeneous crystalline mass, of medium grain, and pale 
grey in color, evidently consisting principally of quartz and 
white feldspar with a little calcite, and specked throughout with 
small cubical crystals of iron pyrites. The quartz, however, 
as well as the calcite and pyrites, may occasionally be found 
traversing the mass in small irregular veinlets and stringers, 
and the pyrites in some instances forms little distinct aggre- 
gations or bunches. 

A clue to the true nature and origin of this deposit, (other- 
wise of a somewhat enigmatical character )appears to be afford- 
ed by the existence in it, in some places, of kernels of a dis- 
tinctly granitoid appearance. Some of these were observed 
to be six inches in diameter, and portions of others were found 
which may have had a diameter of several feet. The material 
of these kernels — which around their edges blend imperceptibly 
with the main mass, — is similar in size of grain to that of the 
ore-mass itself, but includes little or no pyrites. It is harder 
and less evidently decomposed, often greenish in tint from the 

'See Annual Report Geo. Sur., Can., 1886. p. 10 B. 
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development in it of chloritic minerals or reddish, and, micro- 
scopically examined, shows two feldspars with some quartz. In 
general aspect it in fact resembles the varieties of fine grained 
granite which are frequently met with near the junction of an 
ordinary granite with other older rocks through which it has 
broken. 
The impression formed from such examination of this 

remarkable deposit as I was able to make is, in fact, that it 
represents the upper portion, or "feather edge" of a granitio 
intrusion, probably contemporaneous and connected with the 
characteristic granites of the neighboring Coast Ranges, but 
which, owing to peculiar conditions, has become decomposed 
and silicified by solfataric or hydrothermal action, to which 
the concentration of gold in it and the deposition of pyrites, 
are also due. To what extent the presence of gold may 
depend on the occurrence of the adjacent slaty argillites 
(elsewhere known to contain auriferous quartz-veins) it is im- 
possible to say, but it appears not improbable that the deeper 
portions of these rocks may, under the action of such heated 
solvent waters, have afforded both the gold and the pyrites. 
It is conceivable that the hydrothermal action which has 
affected this part of the original granitic magma may have 
been due to the water included by the mass itself while in a state 
of "aqueo-igneous" or "granitic" fusion, the escape of such 
water through the substance of the upper part of the intrusive 
mass being rendered possible by the relief from pressure con- 
sequent on the approach of the intrusion to the actual surface. 
It may, however, perhaps with greater probability, be supposed 
that the water included in the adjacent sedimentary deposits, 
became vaporized by the heat of the intrusive mass, and 
found its way to the surface in the form of steam through the 
substance of that mass. It will be noticed that Mr. Adams finds 
evidence in the microscopical character of the rock of much 
crushing and fracture, so that in any case it must have afford- 
ed a convenient channel for the" passage of heated waters or 
steam, and this appears to have been one of the more impor- 
tant circumstances leading to its mineralization. 

The slaty rocks themselves in the vicinity of the ore-deposit 
are traversed by numerous small veins of quartz ; and at the 
distance of a few miles (on the mainland opposite Douglas 
^2l?nd in "Silver Bow Basin") similar slaty rocks are found 
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to be cut by quartz-veins of greater width, which hold visible 
gold. The association of metalliferous quartz-veins with 
masses of granite or other intrusive rocks traversing sedimen- 
tary deposits is a fact of general observation. Had the higher 
portions of the rocks, which may at one time have completely 
covered this particular granitoid intrusion, remained, it might 
be anticipated that it would be found to pass upward into one 
or more ordinary auriferous quartz-veins, these filling fissures 
through which the heated waters ultimately reached the then 
surface. In depth the present ore-mass should be found, on 
the other hand, to pass gradually into ordinary unaltered 
granite. Many cases of course occur in which intrusive masses 
have led to the formation of metalliferous veins without pro- 
ducing extensive low-grade metalliferous deposits of an inter- 
mediate character, such as the one here naturally exposed by 
subsequent processes of denudation appears to be. This 
deposit therefore affords an interesting example of the manner 
in which intrusive masses may directly give rise to ordinary 
metalliferous veins. 

The quantity of gold contained in the ore of the Treadwell 
mine is small. Though not informed as to the actual yield, I 
believe it to be on the average less than $10 to the ton. The 
ore is, however, easily and cheaply obtained by work resem- 
bling quarrying rather, than mining, and can in consequence 
be profitably worked on a large scale. It is not intended here 
to enter into particulars as to the mode of working, but it may 
be stated that at the time of my visit 120 stamps were con- 
stantly employed, and that since that date this has been 
increased to 240, the quantity of ore milled daily being now 
reported at from 500 to 600 tons. A considerable proportion 
of the gold is "free" and this is saved on amalgamated plates. 
The remainder is contained in the iron pyrites, which is sepa- 
rated by Prue Vanners. The pyrites was then formerly 
roasted in revolving cylinders, but these were being replaced 
at the time of my visit by continuous automatic furnaces sim- 
ilar to those emplpyed in sulphuric acid works. The gold is 
dissolved from the roasted product by chlorine gas, and pre- 
cipitated by sulphate of iron. 

As the geological conditions are very similar along the west 
coast all the way from Lynn canal to the strait of Fuca, it 
appears highly probable that other deposits of a similar char- 
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acter to that here described remain. to be discovered. With 
the facts developed in connection with this mine in view it 
would appear to be well worth while to subject to examination 
and assay all pyritous granitoid rocks in contact with or pen- 
etrating the sedimentary formations, and in particular those 
which may be found to traverse the slaty argillites of the for- 
mation above referred to as the Vancouver series. 



ON THE MICROSCOPICAL CHARACTER OF THE ORE OF 
THE TREADW^ELL MINE, ALASKA. 
By Frank D. Adams, op the Geological Survey of Canada. 
(Read before the Royal Society of Canada. May 8th, 1889.) 

The material employed in this examination consisted of several 
small specimens kindly placed at my disposal by Dr. Geo. M. Dawson 
who collected them at the Tread well mine in 1887, together with two 
collected by Mr. R. G. McConnell, of this survey, who visited the mine 
when returning from the Yukon country' last autumn. 

The ore is a more or less altered granite, rather coarse in grain and 
of a light grey color. As mentioned by Dr. Dawson in the previous 
paper it encloses '* kernels*' often greenish in color and distinctly 
granitoid in appearance, having a diameter of from six inches to sev- 
eral feet. These are of the same grain as the rest of the mass, but are 
harder and less evidently decomposed, and pass rather sharply but 
imperceptibly into the ordinary grey granite. As these represent the 
granite in its least altered form they will be described first. 

The KenieU. — One of the hand specimens shows a portion of one of 
these"iber7i€Z«" which is seen to differ from the ordinary granite in two 
particulars : Ist, in being light reddish in color instead of grey ; 2d, in be- 
ing free from quartz-veins and holding but little pyrite. When a thin 
section is held against a dark background it is seen to be made up of 
numerous rather large translucent crystals or individuals closely 
packed together, but separated by narrow, transparent, intermediate 
lines. Under the microscope these translucent crystals are seen to be 
feldspar a good deal decomposed (which accounts for the opacity) while 
the intervening spaces are found to be in part grains of quartz or of 
broken feldspar and in part the edges of feldspar crystals, which are 
often much freer from decomposition products than their central 
portions. 

Most of the feldspar is un twinned and is referred to orthoclase. 
A much smaller amount, however, shows polysynthetic twinning, in a 
few cases two sets crossing at right angles, and is therefore plagioclase. 
In one of the sections a few large grains showing perthitic intergrowths 
were seen. Both feldspars often possess a marked zonal structure, 
caused or accentuated by the accumulation of decomposition products 
along certain concentric lines. Although many of the feldspar indi- 
viduals extinguish simultaneously over their whole extent many 
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others show the peculiar mottled extinction produced by pressure, 
while others again are distinctly seen to be in the act of breaking up 
into a mass of small grains. Both feldspars also, although having 
more or less perfect crystalline forms, are almost invariably broken 
into little grains around their edges which gives them a somewhat 
rounded contour, the edges being often highly serrated. In addition 
to these feldspars the rock contains quartz, hornblende, epidote, 
ihnenite, sphene (?), apatite, hematite, calcite, chlorite and pyrite. 

The quartz is present in rather small amount and lies chiefly in 
comers or between the large feldspar individuals. It is uniaxial and 
positive and shows an uneven extinction. Judging from its mode of 
occurrence it is in great part at least a primary constituent of the rock. 
The hornblende occurs only in very small amount and is not seen in all 
sections. It is pleochroic in light green and light yellowish green tints 
and is without good crystalline form, being somewhat fibrous in char* 
acter, the extinction making an angle with the cleavage, for which the 
highest value observed was 17^. The epidote is present in small quan- 
tity, in irregularly shaped grains, or aggregates of grains, often asso- 
ciated with the hornblende. It shows the characteristic pleochroism 
and is probably secondary in every case. Primary epidote does how- 
ever occur in a similar, but unaltered mass of biotite granite, which is 
erupted through rocks of the same series as those cut by this granite 
on Wrangell island, Alaska. (See appendix 5 B, Annual Report of 
the Geological Survey of Canada, 1887). A small amount of ilmenite 
or titaniferous iron ore is also found in the sections. It is opaque and 
black, sometimes having a slight reddish tinge by reflected light. In 
one case a few small grains were seen imbedded in broken feldspar. 
Each grain had been broken into several pieces which lay close to one 
another and were cemented together by a greyish material resembling 
leucoxene, which is frequently observed associated with the iron ore 
in this rock. A few little flecks of hematite are seen as inclusions in 
the feldspar. The sphene and apatite are present in small amount, 
the latter being in rather short and stout crystals. 

In addition to these minerals the rock contains remains of some 
mineral now replaced by aggregates of decomposition products which 
frequently present rather perfect oblong outlines as if the original 
mineral had possessed a pretty good crystalline form. The principal 
constituent in these aggregates is calcite, which occurs in grains having 
the peculiar silvery white color usually exhibited by this mineral 
between crossed Nicols. Associated with it is chlorite, epidote, and 
often very small amounts of quartz, pyrite, and ilmenite or magnetite. 
In one of these masses a grain of light green somewhat fibrous horn- 
blende was found filled with calcite grains and associated with epidote, 
chlorite and hematite. The mass appears originally to have been all 
hornblende, of which these other minerals are decomposition products, 
in fact all these aggregates probably represent original hornblende 
grains, chlorite, quartz, calcite and epidote being the minerals into 
which the hornblende of granites usually splits up in decomposing. 
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The examination of the ' 'kernels" therefore shows that they are 
composed of a considerably crushed and altered granite, probably 
belonging to the class of hornblende granites. 

The Ordinary Oranite — ^The grey granite which constitutes the mass 
of the rock and encloses the kernels, in the hand specimen shows no per- 
ceptible foliation and is impregnated with pyrite and quartz, the latter 
occurring also in the form of little veins traversing the rock in various 
directions. The quantity of these minerals present however varies 
considerably in the different specimens. When examined under the 
microscope the rock is found to be composed of orthoclase, plagioclase, 
quartz, calcite, pyrite, with in some cases a very small amount of 
titaniferous iron ore and of some zeolite. Hornblende, chlorite, 
epidote and the other accessory minerals above mentioned were not 
found in any of the sections. 

As in the case of the ' 'kernels'' the rock exhibits a very distinct 
cataclastic structure, induced apparently by crushing, but the crush- 
ing has gone much further in some cases than in others. Both 
feldspars are more or less decomposed and show mechanical deforma- 
tion, the twin lines of the plagioclase being often bent and the crystals 
fractured and faulted transversely, and often presenting an appear- 
ance of having been shoved into one another. The individuals of both 
feldspars are usually surrounded by borders of broken grains from 
which arms of similar broken material frequently extend into the 
unbroken grains. In many other cases when the feldspars are exam- 
ined between crossed Nicols they can be seen to be in the act of fall- 
ing apart into a number of grains similar to those constituting the 
above mentioned borders. The orthoclase is present in larger amount 
than the plagioclase but as in the case of the ** kernels" the latter 
mineral is as a general rule rather better crystallized than the former. 

Whether any of the quartz was an original constituent is a question 
which it is impossible to determine. A large amount of this mineral 
however is always present and most of it is of secondary origin, occur- 
ring in the rock in veins or in irregularly shaped masses. Small veins 
are found in all the specimens and are often seen sending ofif lateral 
arms into the rock. The quartz is clear and colorless and often con- 
tains lines of minute cavities. It is usually in large individuals, 
which although occasionally, especially in the narrow portions of the 
veins, show an uneven extinction, generally extinguish simultaneously 
over their whole extent. A considerable length of the vein is often 
composed of a single individual. The edges of the veins against the 
rock are well defined and the component grains come together along 
sharp lines without any of the interstitial broken material. Calcite 
often occurs associated with the quartz sometimes filling a portion 
of the same vein. In some cases it even preponderates over the 
quartz, forming the principal constituent of the vein. The quartz 
with its associated calcite is also seen in some sections in irregularly 
shaped masses, which, though pretty sharply defined against the 
more or less decomposed rock, at other times occur so that it is impoa*^ 
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Bible to determine their exact limits owing to an impregnation of the 
rock about their edges, with the minerals of the vein. In these veins- 
and masses both minerals occnr in large grains. Very iiregnlar- 
shaped masses of the calcite, also clearly secondary and often 
aaaociated with pyrite are also found, especially in the crushed' 
and broken portions of the rock. As before it occura in large 
grains, frequently enclosing little banches of a block, rod-like mineral. 
Little isolated crystals of calcite also occur in a similar manner. The- 
calcite does not occupy cavities into which the other minerHle have 
crystallized but seems to have eaten its way into the feldspar, in some 
cases showing crystalline boundaries in the substance of the latter. 
Pyrite is present in considerable amount and is generally found well 
crystallised in little cubes. It occurs almost invariably in the crushed 
and broken portions of the rock and is very frequently associated with 
the calcite. In one slide, reproduced in Figure I, a mass of pyrite was 
observed enclosing a fragment of orthocUee, evidently a comer broken 
offfrom a large individual adjacent to it and uiilAuiAicTi iii orientation 
unu identical. In the figure the clear spaces show unbroken fragments 
of orthoclue separated by broken material, the result of crushing. A 
number of these small grains near the top of the cut, which are bound- 
ed by a somewhat heavier line, show one of the large fragments in the 
act of falling to pieces, a phenomenon which can be observed in most 
of the slides, when they are revolved between crossed Nicole. A num- 
ber of little cubes of 
pyrite are seen in the 
broken portion. After 
the comer of the large 
orthoclase individual 
had been broken off, 
the pyrite was evident- 
ly deposited in 
crack and around the ([) 
detached fragme 
The other little white [I 
spaces in the same 
rite mass represent lit- ' 
tie inclosu res of quartz . 
These facts together 
with the occurrence of 
the pyrite almost ex- 
clusively in the crush- 
ed portions of the rock 
clearly prove the sec- 
ondary character of ' 
this mineral. 

As it wae a point of much interest to ascertain if poesible the man- 
ner in which the gold occurred in the rock, the Hections, twelve in 
number, representing five hand specimens very carefully examined 
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by reflected light. In ten of them no trace of gold could be detected, 
but in the other two both from the same hand specimen, a few little 
bright yellow spots having exactly the color of gold could be distinctly 
seen in three of the p3rrite grains. These spots were quite different 
in color from the pjrrite and easily distinguished from it. Figures 
2 and 3 represent two of these grains of pyrite with their inclusions of 
gold. In order to make certain of 
the character of the yellow spots, 
the cover was removed from one 
of the sections and a portion of the 
section containing the grain of py- 
rite seen in figure 3 was removed to a 
clean glass slide and treated with 
hot concentrated nitric acid. The 
acid was found to dissolve away 
the pjnrite with effervesence leav- 
ing the bright yellow spangles of 

gold behind. The gold therefore 

^^^.-.a :« ^««4. «* i^^^A • t Grain of pyrite holding Inclusions of 

occurs m part at least, in a free native gold, magnlflea 43 dlametert. 

State and imbedded in the pyrite ; no gold could be detected except in the 
pyrite. The zeolite mentioned as occurring in the rock is present in 
small amounts and is not seen in every section. It is evidently second- 
ary, occuring in small irregular-shaped masses as amicrocrystalline ag- 
/■ ■ s gregate. The individual grains were too small to 
/ / allow its optical character to be determined. The 

/ / cover was however removed from one section 

f^^,^^^^ ^^ containing it and the rock was treated with con- 
centrated hydrochloric acid in the cold for half an 
hour. On treating with fuchsine the aggregate 
was found to take up the coloring matter readily, 
showing that it had been decomposed by the acid 
and is probably one of the zeolites. 

It is a matter of diflSculty to determine wheth- 
er any cases of secondary enlargement are to be 
found in the sections. I believe however that in 



FIGURE 2. 
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FIGURE 3. 

Grain of pyrite with 
inclusion of native 
gold. 

some cases the broken fragments have commenced to grow again by 
secondary deposition of material around their edges, although on ac- 
count of the ragged character of the latter due to breaking away of 
fragments by crushing, it is very difficult in some cases to determine 
whether an irregular boundary is the result of crushing or of a second- 
ary growth. The outline of some grains is very similar to that of a 
feldspar crystal showing secondary enlargement which is figured 
(Fig. 1, b.) in the preliminary notice of a paper on the Archean Geol- 
ogy of Missouri by Erasmus Haworth, (John Hopkins University 
Circulars, No. 65, April 1888). The feldspar of the rock is generally 
much clearer and more transparent along the borders of the veins and 
irregular masses of secondary quartz. In one case an individual of de- 
composed plagioclase was observed which was very clear and fresh 
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where it approached a quartz vem. Both fresh and decomposed por- 
tions had the same orientation, and it is possible that the clear portion 
may have been an enlargement of the original grain. 

In order to ascertain the character of tlie rock aroand the edge of the 
'^kernels** where a transition between the two varieties might be look- 
ed for, two sections were cut from a small hand specimen one-half of 
which consisted of a i>ortion of a **kerneV* and the other of the usual 
grey granite. The granite near the **kerneV* was found to resemble 
the ordinary granite in containing a considerable amount of pyrite, 
though less than the more altered granite usually holds, as well as in 
the fact that all the hornblende and epidote and practically all the 
chlorite has disappeared. A number of oblong forms were also to be 
seen, being of the same shape as those described in the sections of the 
'^kernels*' as probably decomposition products of hornblende. This 
rock however shows these in a still further stage of alteration, being 
now composed of an aggregate of calcite grains, often with a little py- 
rite and iron ore. The rock also contains some quartz', a portion of 
which occupies corners and is more or less broken and probably a pri- 
mary constituent, while the rest occurs in a few irregular-shaped ag- 
gregations associated with calcite and pyrite in crushed portions of 
the rock and is secondary. The rock near the edge of the ' 'kernels" 
therefore may be said to be intermediate in character between that of 
the *^kemeW* and the ordinary granite, but to resemble the latter more 
closely than that of the former. It is probable that some of the calcite 
masses found in the ordinary granite may be remains of the horn- 
blende originally present but which have now to a certain extent lost 
their original shape owing to movements in the rock. It may therefore 
be stated that the ore of tiie Treadwell mine is a granite, probably be- 
longing to the class of the hornblende granites, much crushed, altered 
and impregnated with secondary quartz, calcite and pyrite ; that the 
**kemeU** are i>ortions of the rock in which alteration is less complete 
than in the mass of the granite and that at least a considerable portion 
of the gold present in the ore is contained in the pyrite as free gold. 



NEW CHARACTERS OP DIPHYPHYLLUM SIMCOENSE 

(BILL.) ROM. 

By Will H. Shbrzbr. 

The following description of a coral, found in the Ann Arbor 
drift, may possess interest for students of paleontology. It 
consists of a colony of cylindrical, somewhat flexuous pol3rp 
stems, connected by scanty, lateral processes, similar to those 
in Eridophyllumy placed at irregular distances. Increase is 
seemingly by lateral gemmation. The epitheca is thin, show- 
ing plainly the longitudinal striations, which average about 
three to the millimeter. Transverse wrinkles of growth encir- 
cle the stems, from two to five in the space of one millimeter, 
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and at distances varying from one to three millimeters, more 
prominent single ridges give character to the external stem. 
By means of a pocket magnifier a third set of very delicate, 
closely approximated wrinkles may be distinctly seen. 

Adult corallites average five or six millimeters in diameter, 
are somewhat loosely and irregularly set, usually less than a 
diameter apart and occasionally coalescing for a short dis- 
tance. The nature of the calyx is 
unknown. The number of septa 
is quite regularly 44; alternately 
longer and shorter. The longer are 
somewhat flexuous, as seen in cross 
section, and extend about two- 
thirds ofthe distance from the outer wall to the center, rarely 
reaching it. The shorter septa extend about one-fourth of this 
distance and are intersected near their centers by a thin but 
very distinct inner wall, at a distance of from .5 to .75 of a 
millimeter from the outer. This second wall is as thick and 
as well defined as the outer, and is separated from it by a single 
row of vesicles, shown in the longitudinal section ; these vesi- 
cles averaging .4 of a millimeter in hight. This arrangement, 
of course, gives no trace of dissepiments in cross section 
except where double vesicles intervene seemingly by accident. 
The inner area is occupied by a series of laterally depressed 
tabulae ; about fifteen in the space of ten millimeters, termi- 
nating at the inner wall. These are somewhat irregular, but 
nearly horizontal and fiat at the center ; sometimes uniting 
with each other before reaching the inner wall. In regard to 
the nature of this second wall there can be no doubt it exists 
in all the stems, distinctly defined; a continuous ^wciiiiou 
separating the vesicular from the tabular area. 

In growth, size and in the number of septa this specimen is 
identical with Eridophyllum simco^nse Billings, or what Dr. 
Rominger prefers to call Diphyphyllum simco^nse. In the 
original description of this species Billings makes no mention 
of a second wall, and Rominger asserts that none exists. 
However, in specimens identified by the latter as simcoense 
and now in the museum of the University of Michigan, iden- 
tically the same structure is seen in the best preserved stems, 
and in others traces of the same inner wall frequently occur, 
even in the specimen the photograph of which is given in 
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plate XLVi, fig. 4, in his "Fossil Corals of Michigan." I am in- ^ 
dined to believe that this fossil is what was described by 
Billings as Eridophyllum simco^nse and that its excellent 
preservation discloses features not before ascribed to that 
species. This point can be settled if geologists will carefully 
examine their best preserved specimens. 

Meek has described, from the Devonian of Nevada, in vol. 
IV of the "U. S. Geol. Exploring Expedition of the Fortieth 
Parallel," page 29, a specimen to which this is very closely 
related and to which he gives the name Diphyphyllum fasci- 
culum. This has a similarly placed inner wall, separated from 
the outer by a single row of vesicles, and corresponds in its 
growth, size and number of septa. It diflTers, however, in hav- 
ing the shorter septa thinner than the others, and in having 
them generally terminate at the inner wall. In the specimen 
here described no such difference in the thickness can be 
- detected, and the shorter septa never so terminate, but extend 
into the tabular area. There would also seem to be a minor 
difference in the arrangement of the tabulse. 

Geological Laboratory University of Michigan,, May 17, ^89. 

IRON BUTTE, MONTANA— SOME PRELIMINARY NOTES. 

By 3. Calvin. 

Near Glendive, Montana, occur some excellent examples of 
that peculiar topographic sculpturing which is known as "bad 
lands." Bad lands they certainly are from any ordinary 
point of view, and they extend along on the south side of the 
Yellowstone river for a distance of twelve or fourteen miles. 
The width of the area measured at right angles to the direction 
of the river is not very great. Drainage valleys cutting through 
them nearly at right angles divide the bad lands into more 
or less perfectly defined masses, that, notwithstanding 
their sculptured ridges and pinnacles and V-shaped 
ravines, rise somewhat prominently above the river and the 
secondary valleys. These several masses are known as buttes, 
and each has its specific designation. 

About ten miles up the Yellowstone westward from Glen- 
dive comes Iron Butte, separated from its neighboring buttes 
by the valley of Sand creek on the east and Cedar creek on the 
west. Iron Butte is about as high as either of its fantastically 
• carved neighbors, but geologically it belongs to a much lower 
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horizon. Cross either valley, to the east or west, and you find 
the buttes carved in the sandstones and shales of the Tertiary, 
while Iron Butte is made up wholly of deposits belonging 
to the Ft. Pierre or Fox Hills group of the Cretaceous. 

On the west side of Cedar creek the Tertiary strata dip at 
quite a high angle to the westward ; to the east of Sand creek 
they are very nearly horizontal. A strong fold in the strata 
giving the sharp dip toward the west, with probably a slight 
fault along Sand creek valley would account for the interest- 
ing relations of the Cretaceous deposits exhibited at Iron 
Butte. 

The fossils of Iron Butte are especially interesting on account 
of the fact that species elsewhere characteristic of the Ft. 
Pierre and Fox Hills groups respectively are here commingled 
in such a way as to indicate that both faunas lived together 
on amicable terms and were perfectly at home in the Creta- 
ceous seas occupying that particular region. Professor Meek 
in his great work on "Invertebrate Paleontology," Gov't Print- 
ing office, 1876, refers frequently to a locality on the "Yellow- 
stone river, one hundred and fifty miles from its mouth, where 
it (the species he is describing) occurs in beds containing a 
blending of the fossils of the Ft. Pierre and Fox Hills groups 
of the upper Missouri Cretaceous series." All the species thus 
described by Meek occur at Iron Butte, and as the distance by 
river is about one hundred and fifty miles from the mouth of 
the Yellowstone, there is reason to believe that Iron Butte is 
indeed the locality from which Meek's specimens were obtained. 
Geologists may be interested in having this somewhat remark- 
able exposure more definitely located than was possible at the 
time Meek wrote. 

The fossils at Iron Butte are not distributed generally 
through the deposits, but occur in hard, irregularly shaped 
concretionary masses that break with a splintery fracture into 
sharp angular fragments. These concretions may be from a 
few inches to several feet in diameter. Sometimes they seem 
to be disposed in layers, but very frequently it is impossible 
to discover any order of arrangement. 

Two or more distinct assemblages of fossils occur at Iron 
Butte, but the matter needs further investigation. For exam- 
ple the Scaphites nodosus var. plenua and the S, nodosus var. 
quadrangularia do not occur together. Moreover each variety 
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has its own particular associates. Just what these associates 
are in every case and what the relative poeition of the plenus 
to the quadrangularia beds, could not be determined during 
the brief visit paid to the locality by the writer. 



ON CERTAIN CAMPTONITE DIKES NEAR WHITEHALL, 
WASHINGTON COUNTY, N. Y. 

By J. F. KEMP *[fD V. F. UiRtrns. 

Our attention has recently been directed to the occurrence 
of dikes of eruptive rock near the state line between New York 
and Vermont, and nearly due east of Whitehall, N. Y. tilr. 
Ira Saylea, of the United States Geological Survey, came upon 
them while in the field under the direction of Mr. C. D. Wal- 
cott, and the past summer brought them to our notice. The 
field work necessary to the preparation of this paper was done 
by Mr. Marsters, and the rocks were then worked up in the 
laboratory by both the writers. Special interest attaches to 
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these dikeB,for the 
reason that no 
mention has been 
made, so far as we 
know, of eruptive 
rocks in this vi- 
cinity, although 
they are known 
some fifty milesor 
moretothenorth. 
On the accom- 
panying map the 
dikes are repre- 
sented by two 
lines intersecting 
each other like a 
capital Y', in the 
Georgia slates 
juet southwest of 
the Poultney riv- 
er. The general 
geology of the 
neighborhood, as 
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shown by C. D. Walcott', consists of Precambrian strata west 
of lake Champlain, then to the east a band of Hudson 
River slates, then the Trenton, Chazy, &c., limestones, 
and lastly the Georgia slates, which contain the dikes. 
These slaty rocks are considerably distorted and folded, and 
in comparatively short distances vary in dip from 20° to 35.° 
In the vicinity of the dikes they are decidedly calcareous, and 
for considerable distances on either side are very much broken 
and seamed with veins of calcite. As compared with the over- 
lying band of roofing slates to the east, they are somewhat 
softer, and a lighter gray in color. One dike strikes N. 40° E. 
the other N. 80° E. They vary from 3 to 4 feet in width. 
Macroscopically they are dark gray in color, quite soft 
and possess a peculiar granular appearance. They are also 
peculiar in that they exhibit amygdaloidal cavities, a phe- 
nomenon not shown by any other dike rocks of our acquaint- 
ance. The amygdules are filled mainly with calcite and vary 
in size from ^ inch to such minute masses as can only be seen 
by the aid of the microscope. Occasional well developed 
crystals of augite are seen scattered through the rock mass. 

Microscopic examination proves these rocks to be made up 
of augite, hornblende, plagioclase and innumerable small 
masses of magnetite, portions of which show complete crys- 
tallographic forms. 

The augite occurs in well formed porphyritic crystals of 
pink and green colors showing prismatic cleavage. A peculiar 
zonal structure was noted in several instances in which the 
nucleus of the augite crystal appeared under ordinary light to 
be light green in color while the outer rim was of a light yel- 
low. This is probably due to a differing chemical composi- 
tion in the outer rim and inner nucleus. Occasionally the 
augite was slightly decomposed, but to a certain degree retained 
its crystallographic form and optical properties. A close ex- 
amination of it shows some additional interesting features. 
Included in the porphyritic augite occur small prisms of 
brown hornblende identical with that to be later described as 
the principal component of the rock. While the vertical axes 
in the two minerals appear to be parallel the others do not 

(1) American Journal of Science, iii series, vol. xxxv, March, 18&8. 
We have been much assisted by Mr. Walcott's map, and by notes 
kindly loaned by Dr. J. Francis Williams, of the Pratt Inst., Brooklyn. 
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correspond and the extinction for each occurs at a different 
point. It would seem from this that the small basaltic horn- 
blende crystals were first to form and that they then became 
involved in the large augite crystals whose period of genera- 
tion marks a later stage. 

The close intermingling and association of hornblende and 
augite constitute one of the most interesting and striking 
features of many rocks. The relations of the two have often 
led to the conclusion that the hornblende had resulted by 
paramorphism from original augite. Hawes,* Irving,' Van- 
Hise,* Williams/ Herrick/Hobbs,® Lawson/ and G. F. Rich- 
ards,^ have remarked it in this country and such conclu- 
sions seem the ones generally to be drawn. Less often the 
two are related as in the present instance, in which the horn- 
blende is undoubtedly of older age than the augite and has 
been afterward taken up in its mass. Teall ^ has noted this in 
England, and the senior author'^ of the present paper previ- 
ously in this country. 

In addition to the above mentioned porphyritic crystals of 
augite (which range from 0.5 m.m. to 15 or 20 m.m.) are 
found other irregular masses of the same mineral. These 
present no crystallographic outline and were doubtless formed 
by a second generation later than the porphyritic type. In 
both, included magnetite occurs in sn^l octahedra. 

The hornblende is the most abundant and most character- 
istic component of the rock. It exhibits minute rod-shaped 
crystals 0.1 m.m. broad by 0.6 m.m. long, of the basaltic 
type. Although the faces of the prism zone are well developed 
as shown by frequent cross sections, the terminal faces are 
lacking. Their fractured condition is probably due to move- 

* G. W. Hawes, Geol. of N. H,, vol. in, pp. 67 and 206, pi. vii, fig. 1. 

* R. D. Irving, Geol. of Wis,, vol. iii, p. 170. 
'C. R. VanHlse, Am, Jour, Set. (ni) xxvi, 29. 

* G. H. Williams, Am. Jour. Sci, (in) xxviii, 259. In this paper will 
be found also many references to occurrences of the same phenomena 
abroad. 

*C. L. Herrick, Bull, of Lab. of Denison Uhtr., Granville, 0., vol. 
II, p. 130. 

* W. H. Hobbs, Bull. Mu$. Comp. Zool., Harvard, Univ., vol. xvi. 
No. 1, p. 10. 

'A. C. Lawson, Proc. Can. Inst., Toronto, Apr., 1888, p. 176; also 
Amer. Oeol., Apr. 1888. 
*G. F. Richards, Bull. Denison Univ.f vol. iv, p. 6. 
•J. J. H. Teall, Quart. Jour. Oeol. Soc, vol. 40, p. 653. 
"J. F. Kemp, Am. Jour. Sci. (in) xxxvi, p. 250. 
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ment previous to the complete solidification of the rock. 
They are highly pleochroic c^b> a. The individual crystals 
vary little in size, the average being about 0.1 m.m. In some 
portions of the dike the hornblende has undergone marked 
decomposition, the product being a greenish mineral resem- 
bling chlorite. In one instance, (Stat. M.) every constituent 
had undergone decomposition. Magnetite occurs original* 
and secondary. In the former octahedral forms were shown 
included in the porphyritic constituent and varying in size 
from .02 m.m. to .04 m.m. while the latter appears only in strings 
of fibrous aggregations. The plagioclase occurs in small rod- 
shaped crystals in many cases very much decomposed ; where 
fresh ones were noted they did not exceed 0.5 m.m. 

While in the region specimens were also obtained by Mr. 
Marsters from a dike 3 feet in width which cuts the marble 
quarries two miles south of Proctor ' on the Rutland and Bur- 
lington R. R., some 25 miles northeast of the dikes mentioned 
above. The macroscopic character is similar and the miner- 
alogical composition is shown by the microscope to be the 
same in all respects as those described above. Slides of the 
marble adjoining the dike exhibit a very finely granular mass 
of calcite crystals, but no special contact minerals or phe- 
nomena. 

This marble belongs to the Eolian group of Hitchcock,^ but 
is referred to the Chazy, etc., by Walcott. It will be noted 
that it is of later age than the Georgia slates and if this dike 
belongs, as its similar character would suggest, to the same 
time of formation as the others, this would-be subsequent to 
the deposition of the Trenton series.* We are disposed to 
connect them with the general upheaval of the Green moun- 
tains which closed the formation of the Lower Silurian 
system. 

The chemical composition of these dikes is shown by the 
analyses of the accompanying table. By way of comparison 
three other typical Camptonites are appended : (See p. 101.) 

The especial interest of these rocks lies in the fact that they 
establish an additional occurrence of the pure Camptonite type 

* Mr. Marsters is greatly indebted to Mr. Taylor, of the Proctor Mar- 
ble Works for assistance given in finding this dike. 

'Geol. of Vt, vol. I, pp. 399-397. 

' Using this and other terms in the sense proposed by the Interna- 
tional GeoL Congress. (See Kept, of Amer. Com., 1886,' p. 50). 
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as first described by HawesJ Similar ones have been subse- 
quently brought out by Harrington' and Kemp.* J; J. H. 
Teall ^ has also described a dioritic tjrpe of rock which foringj . 
dikes piercing quartzites and limestones in the Scottish High/- 
lands. From the description we should infer that it is similar^ 
to the Camptonites. Slides from all of the American localities 
►have been compared in the preparation of this paper and they 
are strikingly alike. They have also been compared with 
slides of nearly all the other dikes so far described in this 
country, chips or slides from which have in most cases been 
kindly given or loaned by their describers.* As compared 
with these they are diflTerent and individual. It is therefore 
here advocated that the name Camptonite be restricted to dike 
rocks consisting especially of brown basaltic hornblende in 
rod-shaped crystals, and of plagioclase and magnetite, together 
with which augite may or may not be associated. 
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1.32 
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1.28 


1.11 
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6.15 


4.00 
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2.47 






Lossonlgn. 


4.35 


5.00 


3.29 


3.84 


2.31 


Total, 


99.40 


99.22 


100.44 


100.63 


100.53 



The writers purpose during the coming summer to study 
the dikes recorded as so plentiful near Burlington, Vt., and to 
establish in connection with them such further typical fea- 

^ Am. Jour. Sci. (in) vol. xvii, p. 147. 

' Qeol. Sur. Canada, 1877-78, p. 439. 

^Am. Jour. Sci. (in) vol. xxxv, p. 331, 1888. Am. Naturalist, Aug. 
1888. 

*Oeol. Magazine, 1886, p. 346. 

* Emerson. Franklin Furnace mica-diabase. i47yi. Jour. Sci. (in) vol. 
XXIII, p. 376-380, 1882. Haworth, Missouri dikes. Am. GeoL. May- 
June, 1888. Hobbs. Summerville dike, Uarv. Bull, xvi No. 1, and 
others. 
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tures as luuy* lead to a better understanding and more accu- 
rate ^]a8sification of this confessedly the most obscure group 
•^t'^h^'Miassive rocks. 
%.\*--We have been unable in the cases which have come under 
our own attention to establish any connection between these 
dikes and any great parent body of eruptives, although the 
existence of such is to be surmised. We are inclined to think 
that the walls must have been themselves within a zone of 
high temperature in order to admit of the penetration of such 
narrow bodies so great a distance from their source. 
Geological Laboratory y Cornell University. 

NOTICE OP SOME NEW AND REMARKABLE FORMS OP 

CRINOIDEA PROM THE NIAGARA LIMESTONE AT 

ST. PAUL. DECATUR COUNTY. INDIANA. 

By CHABLB8 S. BSICHLBK. 

The limestone exposed at St. Paul,Ind., is a hard crystalline 
limestone attaining a maximum thickness of about fifty feet, 
over-laid by cherty layers intercalated by thin limestone 
layers. 

The only fossils heretofore found were large specimens of 
Orthoceras simulator Hall, Orthoceras annulatum Sowerby 
and Gyroceras elrodi Sowerby, until about three years ago a 
small crinoid over-looked perhaps on account of its size, was 
found and described as Pisocrinus gemmiformis S. A. Mil- 
ler. This species was the only crinoid that had ever been 
found by the many collectors until recently when Mr. A. C* 
Benedict found a peculiar pear-shaped crinoid about twice the 
size of a grain of wheat. This specimen will probably be de- 
scribed by Messrs. Wachsmuth and Springer. 

The following is what Mr. Wachsmuth says in regard to 
this crinoid. "There is nothing about it to indicate it to 
be a crinoid and no pores or rhombs to make it a cystid." 

This crinoid has since been found by Drs. J. W. and Frank 
Howard, and the writer. 

The crinoids are found only on the weathered edges of this 
hard crystalline limestone, which makes them hard to see and 
very hard to chisel out. The largest collection of these small 
crinoids has been made by Dr. Howard. 

While at St. Paul the writer collected three crinoids which 
had not been found by Dr. Howard while making his collect- 
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ion ; these were turned over to Messrs. Wachsmuth and Spring- 
er for description. 

Dr. Wachsmuth says that "some of the specimens are up- 
per Devonian or Subcarboniferous forms." The presence of 
the Fisocrinua gemmiformis.^ which is restricted to tlie Niag- 
ara, the presence of many cystids, and other Niagara fossils 
prove that these crinoids are of the Niagara limestone. 

This limestone can be traced from St. Paul, along Flat Rock 
to the place where the celebrated Waldron (Niagara shales) 
beds overlie this limestone ; farther up the stream on Little 
Flat Rock the writer was shown a deep hole in the bed of the 
stream where the Hudson river shales have been reached and 
found to underlie this limestone ; this proves clearly that the 
crinoids are Niagara although they resemble later forms. One 
remarkable fact is that these crinoids do not run through the 
over-lying shales. 

Dr. Frank Howard, however,found in this limestone acystid 
about the size of a hen^s egg, while Dr. Washburn, of Waldron, 
also found the same species of cystid in the shale on Conn's 
creek. 

Many facts are yet to be worked out, which may result in 
many discussions between the paleontologist and stratigraph- 
ical geologist. 

REVIEW OF RECENT GEOLOGICAL LITERATURE. 



Obsidian Cliff, Yellowstone National Park. By Joseph P. Iddinos. 
Pages 249-295; plates ix-xviii. (Accompanying the seventh annual 
report, U. S. geological survey.) The widely famed Obsidian Cliff, 
extending half a mile and rising 150 to 200 feet above Obsidian creek, 
which flows at its base, is situated about eleven miles south of the 
Mammoth Hot Springs, at an elevation of 7,500 feet above the sea. 
Its upper half is a vertical face of black obsidian, or volcanic glass, 
which has resulted from the rapid cooling of a perfectly fused, igneous 
rock, and the lower portion is a talus slope of the same material . The 
cliff presents a partial section of a surface flow of obsidian which 
poured down an ancient slope of rhyolite from the plateau lying to the 
east. Following the obsidian back from the face of this cliff up the 
hummocky surface it becomes filled with gas cavities and passes into 
banded pumiceous rock and finally into light-gray pumice. 

A remarkable columnar structure, similar to that of basalt, is devel- 
oped in the southern part of this cliff» where the obsidian flow had 
more than its average thickness. The shining black columnar prisms 
rise from the top of the talus slope to a height of 50 or 00 feet and vary 
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in width from two to four feet near tbo end of the cliff, the width of 
each column being quite constant throughout its length. The prisms 
have no uniform number of sides, four, five and six being those most 
frequently observed ; the sides are unequally developed, but at a dis- 
tance the general effect is quite regular. The author thinks that the 
exceedinj?ly rare occurrence of columnar structure in obsidian is prob- 
ably owing to the fact that the conditions favorable for the production 
of prismatic structure and also for the solidification of the lava as 
amorphous glass are seldom coincident, the cause of columnar struc- 
ture being unquestionably the shrinkage of a homogeneous rock which 
is cooling at a moderate rate from its surface. 

The rock forming the lower part of tho columns is dense, black 
obsidian, with thin lithoidal bands or layers of spherulites, which 
range from microscopic size to an inch or more in diameter, having a 
radially fibrous internal structure. Higher up the rock is less massive 
and contains lithophysw, as hollow spherulites are called. The lithoidal 
rhyolite into which the obsidian passes northward contains a multi- 
tude of lithophysse of the utmost delicacy and beauty, ranging in size 
up to a foot or more in diameter. Most of them are hemispherical and 
consist of a group of concentric shells which curve one over another 
like the petals of a rose. The partition walls are generally very thin, 
and often close together, in one instance fifty occurring within a radius 
of two inches. They are very fragile and crumble under the touch, 
being made up of small and slightly adhering crystals with brilliant, 
glistening faces. 

Analyses show that the chemical composition of the spherulite is 
essentially the same as that of the surrounding rock, being a small 
portion of the magma which has crystallized with a particular struc- 
ture ; and, further, that the lithophysae have the same composition as 
the dense spherulites, which shows that the transformation of a spher- 
ulite to a lithophysa can only be a modification of its structure, a 
rearrangement of its minerals, w^ithout any chemical addition or loss. 
The conclusion reached by Mr. Iddings, from his very thorough inves- 
tigation, is that the lithophysae in the obsidian, with their contents of 
prismatic quartz, tridymite, adular-like and tabular soda-orthoclase. 
magnetite and well crystallized fayalite, are of aqueo-igneous-origin and 
result from the action of absorbed vapors upon the molten glass from 
which they were liberated during the process of crystallization con- 
sequent upon cooling, since which time no alteration, chemical or 
mechanical , has taken place. 

Report on the geology of yfartha*8 Vineyard. By Nathaniel S. 
SiiALER. Pages 297-3G3 ; plates xix-xxix. (Accompanying the seventh 
annual report, U. S. geological survey.) The island of Martha's 
Vineyard belongs to an extensive fringe of low land, mainly composed 
of glacial and modified drift, which borders the continent from New 
York city to cape Cod. The part of this belt of glacial deposits which 
is above water is composed of an outer series of drift ridges which 
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form Long Island, Martha's Vineyard, Nantucket and a number of 
lesser islands, and an inner ridge evident in cape Cod, the Elizabeth 
islands and several smaller islands. The eastern portion of this 
double coast fringe is separated from the western portion by a consid- 
erable gap, that which divides Martha's Vineyard from Block island 
and Long island. The cause of this break is not perfectly clear, but 
professor Shaler regards it as probably due, not to any failure of the 
glacial deposits to be formed in this space or in any considerable 
degree to their erosion, but rather to the fact that the floor on which 
they rest was originally lower in this part of the coast than elsewhere. 
This is indicated by the circumstance that from the western end of 
Martha's Vineyard there is a shoal that extends to Block island and 
thence to Long island. This shoal seems to be a continuation under 
water of the marginal drift formations which are so prominently 
exhibited on Long island and Martha's Vineyard. 

These drift deposits comprise (1) the ordinary ground moraine or 
till, left by the melting of an ice-sheet; (2) frontal moraine deposits, 
formed where the materials have been pushed before the glacier ; (3) 
kame deposits, where the materials have been brought to their position 
by the action of violent currents of water operating near the ice front ; 
and (4) terraces or plains, sloping southward from the belt of the 
frontal moraine and kames. 

The total amount of detrital material in the belt of moraines on the 
northwest part of Martha's Vineyard between Gay Head and Tashmu 
pond is greater than in any other deposit of this nature knowA to the 
author in New England. On an area ten miles in length and one and 
one-half miles in width the drift can not be on an average less than 
150 feet thick. Its highest elevation is Prospect hill, which rises about 
300 feet above the sea. South of the hilly morainic belt on the eastern 
half of the island the surface passes rather suddenly into a plain of 
gravel and sand, which sinks from an elevation of 50 feet bordering the 
moraine to only about 10 feet above the sea level at the southern shore 
of the island. 

Professor Shaler believes that the deposition of both the frontal 
moraine and the bordering plain took place at some depth below the 
level of the ocean, the relative bights of land and sea in that region 
having been so changed during the glacial period that even Prospect 
hill was submerged. This opinion, however leads to a startling con- 
clusion which is stated as follows: *'The emergence of the drift 
deposits of this district from the sea must have taken place with sin- 
gular rapidity, for there is no sign of wear on the surface 
of the moraines or the lower-lying kames, such as would inev- 
itably have occurred if their surfaces had been exposed to the action 
of the waves for any length of time. Nothing save an exceedingly 
sudden uplift could have secured their escape in the process of eleva- 
tion; their extremely delicate outlines could not endure the action of 
the sea for a single month." 



106 Review of Recent Oeological Literature. 

But the absence of marine fossils to prove the supposed submergence, 
' and the difficulty thus fully recognized by the author, seeip to make it 
far more probable that the drift deposits were formed above the sea, 
and even when this district stood somewhat higher than now, which is 
the opinion of Elias Lewis, Jr., and of Upham, based on the occur- 
rence of ancient channels of drainage, which extend southward from 
the moraine across the plain and continue beneath the present sea 
level. 

Plentiful fragments of a reddish sandstone, which contain six or 
eight well marked species of Cretaceous mollusca, are found upon 
small areas in two places, indicating the existence of Cretaceous beds 
beneath the drift at no great distance. 

The very interesting Tertiary section of Gay Head is described as 
showing a great number of thick, steeply inclined beds of sand, clay, 
and lignitic matter of extremely vivid and contrasted colors, with an 
observed total thickness of about 2,000 feet. The colors range from the 
dazzling white of the sandy beds to the nearly pure black of the car- 
bonaceous layers, with intermediate hues of brow^n, green, yellow and 
red. But the ordinary arrangement of the beds in the section is 
greatly marked by the continued slipping of large wedges of the depos- 
its down the steep incline of the talus. The fossils of this locality, 
indicating later Miocene or Pliocene age, are to form the subject of a 
separate memoir. From the great thickness of these beds and adja- 
cent parts of the same formation, chiefly monoclinal, dipping to the 
northelst w^ith strike from northwest to southeast, and from the many 
enclosed lignitic layers the author suggests, with much probability, 
that the whole formation, denominated the Vineyard series, was the 
delta of a great river flow^ing eastward to this area from the Connecti- 
cut valley, or perhaps from no further distance than the Narragansett 
basin, that is, the region now occupied by the Taunton and Providence 
rivers and their tributaries. 

The Ice-age in North America. By G. Frederick Wright. (D. Ap- 
pleton<& Co.,N. Y. pp. 622, Roy. 8vo, many maps and illustrations, 
$5.00.) The author of this work has been known for fifteen years as an 
active student of glacial phenomena, and as such has made extended 
observations,reaching from New England to Minnesota and the glaciers 
of Alaska. While his professorial work has been in a far different 
field,* he has industriously devoted his summer months to glacial geol- 
ogy, and has seen with his own eyes most of the important phenomena 
of the ice-age in America. While this wide observation has quali- 
fied him to use his own language in describing the drift that character- 
izes so much of North America, and for making judicious selections, 
and for framing a consistent treatment of his theme, he has preferred 
to quote largely from the published accounts of other geologists. 

The book has chapters entitled : Wnatis a glacier? Existing gla- 

•Mr. Wright is professor of NewTestament Greek in Oberlln Theological Seminary 
and editor of the Bibliotheea sacra. 
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ciers on the Pacific coast, A month with the Muir glacier, Glaciers of 
Greenland, Glaciers in other parts of the world, Signs of glaciation. 
Boundary of the glaciated area in North America, Depth of ice during 
the glacial period, Terminal moraines. Glacial erosion and transpor- 
tation, Drumlins, Preglacial drainage. Drainage of the glacial period, 
Karnes, Glacial dams, lakes and water-falls. The loess. Flight of plants 
and animals during the glacial period. The cause of the glacial period. 
The date of the glacial period Man and the glacial period, with an ap- 
pendix by Warren Upham on Probable causes of glaciation, and 
another giving the recent observations of Mr. R. Chalmers On the gla- 
ciation of eastern Canada. The work has 143 figures, maps and other il- 
lustrations, many of them new, and many from photographic views re- 
produced in ** half-tone." It is faultlessly printed on heavy smooth 
paper, thus exhibiting at once in the text and in the prints of photo- 
illustrations, a creditable specimen of American publication. 

It would be impracticable to give here a digest of this book. Suffice it 
to say that the author contrives, after a simple introduction of the 
reader to a glacier, to lead him through an easy succession of steps to a 
conception of the ice-age, its signs, its results, its date, its cause, &c., 
and by a wonderful panorama of illustration, accompanied by a pan- 
oramic textual description, to give him not only an adequate concep- 
ion, but a conviction of the verity of the ice-age. To the author the 
relation of the ice age to man, and the date of his existence on the 
earth, has given zest to all his labor, and naturally the chapters which 
relate to the antiquity of man are specially full and complete. 

Geologists in America will welcome this excursion of the theologian 
into actual science, for they are yet prone to believe that truth to the 
mind of a theologian is as convincing as to the mind of a scientist, and 
they only wish that with a similar candor, and thoroughness all theol- 
ogians would investigate the conclusions of geology before condemning 
them. 

Si>ecifically, while the author agrees with the majority of geologists 
in nearly all points, there are a few divergences of opinion, viz : Prof. 
Wright is disposed to regard the entire phenomena of the ice-age as 
referable to one period instead of two or more, but supposes that the ice- 
margin advanced again, and perhaps twice or thrice, after the recession 
began, the "inter-glacial" epochs being no longer perhaps than one or 
two centuries. 

As to the cause of the glacial period. Prof. Wright leaves it an open 
question. He qualifiedly rejects the eccentricity theory of Mr. Croll 
but alludes favorably to local elevation of large areas in North America 
particularly in the Mississippi valley, the Canadian highlands and the 
New England coast, though hardly allowing this to be suflftcient to 
produce a glacial period. The chief obstacle to the acceptance of 
Croll's eccentricity theory is the accumulating evidence of the recent- 
nesB of the last glacial epoch, though this does not interfere with Mr. 
Croirs resort to precession of the equinoxes to account for general gla- 
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elation, but rather confirmB that part of Mr. GroU's astronomical theory 
since the time required for the glacial epoch in both cases is not far 
from ten thousand years. 

Mr. Upham's survey of the evidence of local, continental or regional 
elevation in North America, in Appendix A. is interesting and valuable; 
and as a result he accepts the Lyellian hypothesis that such fluctua- 
tions have caused not only changes in the distribution and area of land 
over the surface of the earth, but also have been the prime cause of 
the glacial epoch. ** Briefly stated, the condition and relation of the 
earth *8 crust and interior appear to be such that they produce in con- 
nection with contraction of the earth's mass, depressions and uplifts of 
extensive areas, some of which have been raised to bights where their 
precipitation of moisture throughout the year was almost wholly snow, 
gradually forming thick ice-sheets ; but under the heavy load of ice 
subsidence ensued, with correlative uplift of other portions of the 
earth's crust ; so that glacial conditions may have prevailed alternately 
in the northern and southern hemispheres, or in North America and 
Europe, and may have been repeated after warm interglacial epochs.*' 
This is a broader and a more flexible application of the Lyellian hy- 
pothesis, and appeals to well-known terrestrial movements, influenced 
by terrestrial agencies. It goes further than the assumption of eleva- 
tion, in that it accounts for the elevation. As a theory for terrestrial 
glaciation it is not new, but the hypothetical manner of application and 
distribution of the supposed cause for such glaciation appears to be 
new, and as such deserves the attention of glacialists and physicists. 

Th^ Bulletin of the American Museum of Natural History ^ vol. ii. No. 
2, was issued in March 1889 and fully maintains the high reputation of 
the series to which it belongs. The geological papers are by Prof. R. 
P. Whitfield, four in number, and are respectively entitled ObservcUions 
on some imperfectly known fossils from the Calciferous sandrock of Lake 
Champlain, and descriptions of several new forms; Additional notes on 
Asaphus canaliSf Conrad; Description of a new form of fossil Balanoid 
Cirripedef from the Marcellus shale of New York; and Note on the faunal 
resemblance between tht Cretaceous formations of New Jersey, and those of 
the Gulf states. 

Discovery of Cretaceous Mammals by Professor 0. C. Marsh. (A])^en' 
diz. to American Journal of Science, July, 1889.) The great break in 
the geological history of mammals, due to the apparent absence of mam- 
malian remains in any authentically recognized deposits of Cretaceous 
age, has long been one of the strangest and most inexplicable of the facts 
confronting the student of palaiontology. Small marsupial mammals 
are known from numerous specimens in the Triassic and Jurassic, 
both of Europe and America. Mammals, more or less specialized, 
and fully difl'crentiated intodistinctorders, swarmed in the forests and 
haunted the lake margins in the earliest Tertiary; mammals must 
have existed during the Cretaceous. It was during the Cretaceous 
that all the differentiation seen among the early Tertiary mammals 
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took place. Why have not the remains of Cretaceous mammals been 
discovered? It is not enough to say that all the Cretaceous deposits 
accessible to geologists were laid down in the open sea in situations 
where mammalian remains were not likely to be carried. Such a state- 
ment is no longer true. The Dakota group with its leaves of phseno- 
gamouB forests in the lower horizon of the Cretaceous of the Upper 
Missouri, and the Laramie group at the close of the period, were 
laid down under circumstances in all respects favorable for receiving 
and preserving mammalian remains. Moreover the skeletons of Dino- 
tauriay which were as terrestrial in habit as ordinary mammals, are 
represented in Cretaceous strata by abundant and well preserved 
specimens. The Zeuglodon did not acquire its adaptation to marine 
life suddenly. It must have had aquatic predecessors whose remains 
are entombed somewhere in strata of the later Cretaceous. 

As professor Marsh well says : "A comparison of mammals known 
from the Jurassic and Tertiary made it almost certain [we would 
say quite certain] that many intermediate forms must exist in the Cre- 
taceous, and their discovery was one of the prizes held out to explor- 
ers.'' 

The paper before us marks an important epoch in our knowledge of 
the history of mammalian life. It contains the first intimation we have 
had of it finding of unquestioned mammalian remains in strata of Cre- 
taceous age. The finding of such remains is so far confined to the 
Laramine group, a group by the way that has by excellent geologists, 
been referred to the lower Tertiary, although its relations to the Creta- 
ceous will now be generally acknowledged. A long breach in mam- 
malian history still remains to be filled, but now that an entrance into 
this long sealed portion of the mammalian recford has been secured we 
may hope that discoveries will follow each other in quick succession. 

The mammalian remains described by professor Marsh w^re found 
by Mr. J. B. Hatcher in Wyoming and Dakota, and were associated 
with HadrosauruB and other Dinosauria. They are not exactly what 
we might reasonably expect the mammals of the Laramie group to be, 
for they are all rather small creatures, more nearly related to the mam- 
malian fauna of the Jurassic than of the Tertiary ; most are marsupials 
but some have structures indicating relationship with monotremes, a 
fact of great interest and significance. Seventeen species are noted, 
and these, together with others from the same liorizon, will be fully de- 
scribed and figured in a memoir on mesozoic mammals, now in process 
of preparation, and to be published by the United States geological 
survey. Four plates illustrate the article here under consideration. 

The Invertebrate Fauna of the Hawkesbnry-Wiatiamatta Series of New 
South Wales. By Robert Etiieridok, Jr. This quarto publication 
embracing 21 pages and one plate is the first of the palseontological 
memoirs of the geological survey of New South Wales. S. C. Wilkin- 
son, F. G. S., (fee, is the geological surveyor-in-charge. 

The series of rocks here named the Hawkesbury-Wianamatta series 
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lie above the productive Coal Measures of New South Wales and are 
divisible into four well marked lithological divisions. Proceeding 
downwards these divisions are Wianamatta shales, 700 feet; Hawkes- 
bury sandstones, 1,000 feet; Marrabeen shales, 650 feet; Estheria 
shales, 640 feet. The Wianamatta shales are chiefly argillaceous 
deposits resting in denuded hollows and on worn surfaces of the 
Hawkcsbury sandstone and containing remains of plants, fishes and 
labyrinthodonts. The Hawkesbury sandstones afford numerous re- 
mains of plants and of fishes, but the chief interest centres in two 
species of labyrinthodonts. One is supposed to be identical with the 
European Triassic MasiodonBauruB rohusius, the other is the Platyceps 
wilkeii807ii Stephens. The lower member of the series contains remains 
of EBtheria, The plants of the series as well as the labyrinthodonts 
indicate the horizon of the European Trias 

For some time Estheria was the only genus of invertebrates known 
from the Hawkesbury- Wianamatta series, but recently the inverte- 
brate fauna of the series has been enriched by the discovery of two 
species of the genus Tnto, two species of a new genus described by the 
author as Unionellaf and a gasteropod belonging to the genus Treman- 
otus. On this continent, and the same is true of Europe, Tremanotus 
is not known after the close of the Upper Silurian. It is a matter of 
no small degree of interest to find this old fashioned genus reappear- 
ing in Triassic strata in New South Wales. 

ContributionB to tlie Tertiary Flora of Australia, By Dr. Constan- 
TiN, Baron von Ettingshausen. This volume constitutes the second 
of the paloeontological memoirs of the geological survey of New South 
Wales. In addition to the description of genera and species the 
author discusses the relations between the Tertiary and modern floras 
of Australia, the relation of Australian types in the Tertiary flora of 
Europe to similar types in the Tertiary strata of Australia, and the 
question whether not exclusively Australian forms can be traced in 
the Tertiary flora of Australia. **The Tertiary flora of extra- tropical 
Australia is, as regards character, essentially distinct from the present 
living flora of Australia, nor does it closely resemble in general, any 
living flora. On the other hand it shows the mixed character of the 
Tertiary floras of Europe, the Arctic regions. North America, and 
probably all the Tertiary floras. It has also much more similarity to 
the Tertiary floras at present known than to the existing flora of Aus- 
tralia. 

The author points out that the Tertiary floras wheffever studied 
combine all the elements of the modern floras. For example genera 
now exclusively confined to the Australia region, occur in the Tertiary 
of Europe, while on the other hand the genus Quercus is represented 
by a number of species in the Tertiary fiora of Australia, though not 
represented at all in the modern flora. Paltco-botanists can readily 
point out similar examples from a comparison of the Tertiary floras of 
Europe and North America. During the Tertiary, as the author well 
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says, "types of plants existed together which are now separated from 
one another by large tracts of the earth's surface.*' In the Tertiary 
of Java for example occur the well known North American genera 
CarnuSf Rhamnus and Ceanothus, 

An interesting feature of the volume is a table showing a compari- 
son of the Tertiary flora of Australia with other Tertiary and the exist- 
ing floras. The table brings out, in a very striking way, the similarity 
characterizing all Tertiary floras . The larger part of the volume is 
necessarily devoted to the description of genera and species. Fifteen 
plates, crowded with beautifully lithographed figures, illustrate the 
text. 

Records of the Geological Survey of New South Wales, VoL I, Part I, 
This pamphlet of 31 pages and 5 plates contains seven short articles 
on subjects relating to the work of the survey. The second article 
reports the discovery of human remains in the sand and pumice bed 
at Long bay, near Botany. The geological conditions and associated 
objects indicate an interment in Post-Tertiary times. At the same 
time all evidence points to a high antiquity, so that the burial proba- 
bly dates back to the earliest human occupation of the region. The 
fourth article describes and illustrates a coral intermediate between 
the genera Lonadalia and Spongophyllum. 

On the classification of the early Cambrian and pre-Cambrian forma- 
tions. A brief discussion of principles, illustrated by examples drawn 
mainly from the Lake Superior regions. By R. D. Irving. Pages 365- 
454 ; plates xxx — li ; figures 64-96. (Accompanying the seventli annu- 
al report of the director of the U. S. geological survey.) 

No other geologist has so thoroughly explored and studied the region 
adjoining lake Superior as the late professor Irving, and this paper, 
one of the last prepared by him, presents a very clear and comprehen- 
sive statement of his conclusions concerning the stratigraphic divisions 
and relationships of its Cambrian and older formations. The paper 
treats mainly of the extent to which paleontological and lithological 
characters, unconformities, and intervals attended by extensive ero- 
sion, are respectively to be relied upon for purposes of classification 
Incidently, it includes many sections and details of the stratigraphy of 
localities which illustrate the principles under discussion, with geolog- 
ical maps of central Wisconsin, northeastern Minnesota, and the Pen- 
okee-Gogebic iron region in northern Wisconsin, and northwestern 
Michigan. 

Four great groups or series of rocks are recognized in the Lake Super- 
ior region, divided from each other by unconformity and erosion, 
namely, in descending order, the Cambrian, Keweenawan, Huronian, 
and Laurentian. In the more general classification of these divisions, 
professor Irving believed that only the Laurentian should be included 
in the Archsean system, "because of the greatness of the time interval 
between that series and the next succeeding it, in comparison with any 
of the later interruptions of the geological column ; because of its in- 
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tensely altered condition and generally unique characteristics, as com- 
pared with those of any of the later groups ; and because of the lack of 
definite evidence of the existence of life during its production, while life 
plainly existed at the time of deposition of the earliest of the succeed- 
ing groups." 

The Huronian and Keweenawan, with perhaps other groups to be 
hereafter established, intervening between the Laurentian and Cam- 
brian, are classed together as Agnotozoic or Eparcha'an, this term be- 
ing subject to future limitation or entire replacement, if any sufficient- 
ly distinctive paleontological discoveries shall be made. Professor 
Irving's classification draws the line between the Agnotozoic and Pal- 
eozoic systems at the base of the Potsdam, Saint Croix, or Lake Super- 
ior, sandstone in the succession of formations developed about lake 
Superior ; but he suggests that sufficient evidence may yet be found in 
Keweenawan and Huronian fossils for the extension of the Paleozoic 
system to include all these groups, excepting the basal Laurentian 
gneisses and schists. 

Tlie structure of tJie Triatsic formation of the Connecticut Valley. By 
William Morris Davis. Pages 455-400 ; plate Hi (map of a portion of 
Connecticut) ; figures 97-108. (Accompanying the seventh report, U, 
S. geological survey.) 

The present extent of this Triassic area measures about 95 miles 
north and south, from long Island sound, where it runs under the sea, 
nearly to the northern boundary of Massachusetts, and from 15 to 18 
miles east and west in central Connecticut and southern Massachusetts 
where it is broadest. The aqueous rocks of the formation consist of 
conglomerates, sandstones, and shales ; they are mostly of a red or 
brown color but the shales are sometimes dark and bituminous, with 
impressions of fish and of land plants ; occasional thin seams of coal 
have been reported, and a sm;ill but significant bed of imi)ure grayish 
limestone makes its appearance among the shales. 

Interbedded with these sediments are dolerites or diabases, which 
occur as intrusive sheets along the western border of the southern 
half of the formation, and elsewhere and more commonly as overflows, 
lying upon the beds that had been formed at the time of their eruption 
and buried under the later deposits. 

A preliminary statement of the sequence and thickness of the Trias- 
sic series in the Connecticut valley, in natural order from top to bot- 
tom, is as follows: 

Thickness in Feet. 

('onglomerates, sandstones, and shales 2,000 to 3,000 

Posterior trap overflow 50 to 150 

Sandstones and shales 300 to 500 

Main trap overflow 300 to 500 

Shales with thin limestone 100 to 300 

Anterior trap overflow 50 to 150 

Shales 500 500 

Shales, sandstones and conglomerates 3,000 3,000 

Intrusive trap sheet 200 to 400 

Sandstones and conglomerates '. 500 to 2,000 

Total 7,000 to 10,500 
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The monoclinal attitude of the formation, with a general eastward 
dip of twenty or thirty degrees, is found to be due to faults which ex- 
tend nearly parallel with the strike, having their upthrow on the east 
in practically all observed cases ; but there are departures from the 
eastward direction of dip in the neighborhood of the curved trap ridges 
at some other points. In explanation of the mechanical origin of this 
monocline, the author shows that the disturbance occurred after the 
deposition of the Triassic beds was essentially completed, and there- 
fore involved the whole thickness of the formation ; and that the faults 
doubtless have depth proportionate to their throw and length, carry- 
ing them far down, perhaps many miles, into the underlying schists 
and gneisses. An ingenious series of diagrammatic sections illustrates 
how the originally horizontal Triassic strata and the steeply inclined 
schists beneath have been disturbed by lateral compression, exerted 
in an east and west or southeast and northwest direction, producing 
the monoclinal structure and the frequently crescentic forms of the 
ridges of outcropping trap sheets. 

SaU-making proassea in the United States. By Thomas M. Chatabd. 
Pages 491-535 ; plates liii — ^Iv. (Accompanying the seventh report, U. 
8. geological survey. ) 

This paper treats of the chemistry of brine, and describes the differ- 
ent methods of salt-making employed in this country and the results 
obtained by them, together with some references to foreign practice* 
The author concludes that, as a whole, the salt industry of the United 
States, while conducted with energy and skill, is yet capable of much 
better work than that done at present. An appended table shows the 
results of analyses and experiments,- made under the direction of Wal- 
ter R. Johnson of the U. S. navy, testing the heating, evaporating and 
steam-producing values of thirty varieties of coal from the United 
States, three from Nova Scotia, and three from Great Britian, also of 
dry pine wood. 

The Geology of the Head of Cheiapeake Bay, By W. J. McGeb. 
Pages 537-646 ; plates Ivi-lxxi; figures 109-114. (Accompanying the 
seventh report, U. S. geological survey.) 

The specific object of the investigation here reported was to deter- 
mine the probable success of an artesian boring at Fishing Battery 
station in Chesapeake bay, near its head, between Havre de Grace and 
Spesutie island. A detailed map shows the distribution of the Colum- 
bia formation in the vicinity of the head of this bay ; and another on a 
small scale shows the drainage of the middle Atlantic slope, with the 
course of the falHine, where the streams pass their lowest rapids or 
falls. This line, which extends close along the northwest side of this 
part of Chesapeake bay from Baltimore to Port Deposit on the Susque- 
hanna, and similarly along the lower part of the Delaware river from 
Wilmington to Trenton coincides nearly with the division between the 
hilly Piedmont region on the northwest, consisting of highly tilted 
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crystalline rocks, and the low coastal plain of slightly inclined Meso- 
zoic and Cenozoic formations. 

Notes of the rock exposures in more than sixty localities within the 
area of the detailed map illustrate very fully the variable characters of 
the formations represented, which include alluvium, the Columbia 
formation, the Sassafras river greensand, the Potomac formation, and 
the probably Archiean crystalline rocks. 

A remarkable feature of the entire tract is the general absence of 
subaerial alluvium. The streams northwest of the fall-line have high 
declivity and have cleanly swept their channels, while those on the 
southeast have deposited their detritus either in their own ever-widen- 
ing estuaries or in the bay. Subaqueous alluvial sands are penetrated 
to a depth of 140 feet by a boring at Fishing Battery station, with no in- 
dication of reaching the base of these postglacial deposits of the Sus- 
quehanna and its affluents. 

The loam or clay, sand, and gravel of the Columbia formation here 
represent, as stated by Mr. McGee, "a sub-estuarine delta of the Sus- 
quehanna river deposited when the Quaternary ice-sheet reached its 
southernmost extension, contemporaneous in a general way with the 
glacial deposits of the north ; and they indicate coeval but surprising- 
ly brief submergence of the region, reaching at least two hundred and 
forty feet and continuing sometime after the retreat of the ice-sheet 
commenced." According to the author's computation, the time occu- 
pied in the deposition of this ancient delta may not have exceeded 
1,500 years. It is referred to the earlier of the two principal glacial 
epochs of the Quaternary, which is believed to have been divided from 
the later glacial epoch by a longer time than that which has elapsed 
since the final disappearance of the ice. 

The Potomac formation, consisting of clays and sands of early Creta- 
ceous or late Jurassic age, stands next in the order of importance in 
this study, since the sandstone of its lower part would be the source of 
artesian water in this district. It is probable that this sandstone occurs 
beneath Fishing Battery station, but that the overlying clays of the 
upper part of the Potomac formation had been there eroded, allowing 
it to be directly overlaid by the less impervious Columbia formation. 
Therefore it seems doubtful, in view of the imperfection of the con- 
fining stratum and of the limited head, whether water reached in 
the Potomac sandstone would flow, though it would probably rise 
nearly or quite to the surface. 

Along the western border of the coastal plain and the fall line of the 
streams, before noticed, Mr. McGee finds eWdence of displacement 
which has been in progress during the Quaternary and recent period, 
the area north w^est of this line from the Rappahannock to the Hudson 
being uplifted, and that on the southeast being depressed. The sink- 
ing on the seaward side of the line appears to commence in the vicinity 
of Fredericksburg and to increase northward to 300 or 400 or possibly 
500 feet, while the area on the northwest has probably been elevated 
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to an equal extent. Comparison with fault scarps that have displaced 
the sediments of the Quaternary lakes Bonneville and Lahontan, in 
the recent uplifts of the grand Wasatch and Sierra Nevada ranges, 
indicates that this displacement between the Piedmont region and the 
coastal plain is not inferior in the amount of change now taking place* 
But the author supposes that mountain building is in as active progress 
in the Gordilleran region of western America, and particularly in the 
Great Basin, as in any country ; and accepting that mountain growth 
as a standard for past ages, he concludes that the present rate of dis- 
placement along the fall-line of the middle Atlantic slope is about as 
high as has ever been attained in any part of the globe during any 
geologic period. It seems very difficult, however, to account for these 
movements, as the author endeavors to do, by erosion and deposition 
subtracting from and adding to the weight of these portions of the 
earth's crust. 

Die Lunzer, (LetUnkohlen), Flora in den "older Mesozoic beds of the 
Coal Field of Eastern Virginia^** von D. Stur : Verhandl. d. k-k. geol. 
Reichsanstalt, Wien. No. 10, July 1888, pp. 203-217. A smaller col- 
lection of fossil plants from the older mesozoic of Virginia, sent last 
year by the United States geological survey to Dionys Stur, director 
of the Austrian geological survey, for comparison with the Austrian 
mesozoic flora, was made the subject of the communication under the 
above title, submitted last summer to the latter survey. 

Since the publication of Professor Fontaine's monograph on the 
older mesozoic flora of Virginia, Professor Stur has urged the intimate 
relation between that flora and those of the Lunz beds in Austria, but 
fearing to rely on the former's illustrations, he has withheld specific 
conclusions until a comparison of the specimens should have been 
made. Now, however, as the result of such comparison, he correlates 
the Virginia beds with the Lettenkohl [Eeuper] of Lunz. Following 
is a list of the Virginia plants so compared, with their equivalents in 
the Lunz strata, the Clover Hill plants on the left and the Austrian on 
the right : 



Equisetum rogersi, Schimper. 
Schizoneura virginiensis. Font. 
Macrotseniopteris magnifolia, 

Rogers, Sp. 
Macrotseniopteris eras sin e r r i s » 

Font. 
Acrostichides linnseaefolius, Bunb 

Sp. 
Acrostichides rhombifolius, Font. 
densifoliuB, Font, 
microphyllus. Font. 
Mertensides bullatus, Bunb, sp. 
distans. Font. 



(I 
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Equisetum arenaceum, Jaeger, sp. 
Calamites meriani, Brgt. 
Taeniopteris latior et. 



(I 



simplex, Stur. 



? 

• 

Speirocarpus lunzensis, Stur. 

riitimeyeri, Heer. 
microphyllus, Stur. 
Oligocarpia robustior, Stur. 
lunzensis, Stur. 
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A8terocarpu8 virginiensis, Font. 
" platyrrhachjs, Font. 
" penticarpus, Font. 
Lonchopteris virginiensiB, Font. 
Clathropteris platyphylla, Font. 
Pseudo-danaeopsis reticulata, 

Font. 
Ctenophyllum braunianum, Font 
Ctenophyllum grandifolium, 

Font. 
Podozamites tenuistriatus, Font. 
Sphenozamites rogersianus. Font 



Asterotheca meriani, Bgt. sp. 

Speirocarpus haberfelneri, Stur. 
Clathropteris reticulata, Kurr. 
Heeria lunzensis, Stur. 

Pterophyllum riegeri, Stur. 
Pterophyllum haueri, Stur. 



? 
Pterophyllum bronnii, Schenk. 

The relations of several other species figured by Fontaine are also 
discussed, including Ctenophyllum taxinum , Font,, which he says is 
identical with his Pterophyllum cteniforme. Whatever species shall 
eventually pass into synonjnny, it is clearly no fault of Professor Fon- 
taine's that so many of his species are identical with the new ones of 
Stur, of which he had no knowledge since the Prodrome of the Lunz 
flora, all that has yet appeared, and without illustrations, was pub- 
lished in 1886, two years after the publication of Fontaine's mono- 
graph. Prof. Stur's discussion shows an evident aflinity between the 
flora of the Richmond coal fields and those of Lunz and Raibl, and 
the Lettenkohl of Germany, but one can hardly find courage to go the 
whole length with him in putting as his first and foremost argument 
the fact that the Clover Hill specimens are so similar lithologically to 
those of Lunz that those acquainted with the latter would pronounce 
them as coming from Lunz. 
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Note on the Distribution op Certain Loess Fossils. — Throughout 
Iowa and portions of the contiguous states the loess forms a marked fea- 
ture along the principal lines of drainage. Its characteristic topography 
readily distinguishes it, at a distance, from associated glacial deposits. 
Everywhere over the area referred to the loess is to a greater or less 
extent fossiliferous. "With a few exceptions the fossils are shells of mol- 
lusca, which are often very abundant, and are easily recognizable, by a 
peculiar chalky whiteness, from ''dead'' shells of the same speciesstill 
extant. There are now known from the loesil of Iowa about thirty-live 
species of mollusks. Of these three-fourths are land forms ; the re- 
mainder aquatic. 

The species found in'the loess which at present appear to be extinct 
over portions, or all of the area just mentioned are : Patula strigosa 
Gould, Pupa blandi Morse, Pupa muscorum Linn^, Vertigo simplex 
Gould, Mesodon thyroides Say, Vallonia pulchella Miiller, and Heli- 
etna occulta Say. It is to be noted that all seven of these gasteropods 
are terrrestrial, and that they are among the most characteristic and 
persistent forms of the deposit, usually occurring in greater or 
less abundance wherever the loess is present in the Mississippi 
Valley. The first four species listed are at the present time extra lim- 
itary ; Vertigo simplex, Pupa blandi, and Pupa muscorum being boreal 
forms, the latter also circumpolar in its distribution. The other 
three species enumerated are not found living in central Iowa. Meso' 
don thyroides Say occurs, however, in the eastern part of the state along 
the Mississippi river. Vallonia pulchella and Uelicina occulta also are 
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found only in the northeastern portion of the state. The first of these 
two is a minute yet hardy species, circumpolar in its geographic range 
and possessing a high antiquity geologically. The other was, until 
very recently, known only from fossils. A few years ago it was dis- 
covered in considerable numbers living near Iowa City and later in 
Hardin county, Iowa. The local distribution of the living forms of 
this species is very remarkable, and in both of the places mentioned 
it is extremely limited, being scarcely an acre in extent. It thus ap- 
pears that the once abundant and widely distributed species is now on 
the verge of extinction. 

Attention has lately ^ been called to a striking difference in the fac- 
ies of the living Unionid&e of central and eastern Iowa, and incidentally 
to some peculiarities in the distribution of the gasteropods over the 
same region. Extensive collecting among recent mollusca in various 
parts of the state revealed that certain species, especially land forms, 
were less abundant in the western and central, than in the eastern, 
portions of Iowa ; and that some of these forms were much more 
plentiful towards the northern than towards the southern, limits of the 
latter district. The occurrence in great abundance, in the loess over 
central Iowa, of certain gasteropods which are now extinct throughout 
the tract, and the recent discovery of some of these same forms living 
in great numbers in the northeastern part of the state, suggested that 
a part at least of the present molluscan fauna of Iowa was derived from 
the northeastward ; and that the migrations of the mollusks probably 
began immediately upon the recession of the great ice sheet. The ex- 
istence of the extensive "driftless " area of southwestern Wisconsin — 
once an immense island in the great mer de glace — afforded considera- 
ble plausibility for the inference, but in the absence of suitable mater- 
ial from this region the actual presence of various living mollusca 
could not be satisfactorily determined. A short time ago, however, 
some of this material was supplied from southeastern Minnesota. 
Among the living forms represented were Helicina occulta Say, and 
Vallonia pulchella Muller, both from within the limits of the "driftless" 
tract. The discovery is of great interest as corroborating the supposi- 
tion already set forth, and it is not unlikely that the first of these two 
species will be found in other localities in northeastern Iowa and the 
adjoining portions of the contiguous states ; its peculiar and strictly lo- 
cal distribution will, however, tend to render detection quite diflScult. 

The southern limit of the vast ice sheet of the principal glacial epoch 

has been made out with an eminent degree of accuracy, and over the 

Mississippi valley coincides approximately with the Ohio and Missouri 

rivers. As the ice melted along the front of the retreating glacier, 

enormous accumulations of glacial silt and debris were deposited. But 

whether the deposition of the loess was contemporaneous with the 

closing stage of the earlier glacial epoch, as advanced by Chamberlin 

and Salisbury ;^ or was during the episode immediately succeeding the 

* Keyes : Annotated Cat. Mollusca Iowa, Bui. Esse* Inst., vol. xx. 
''eth Ann. Kept. U. S. Geol. Sur., p. 305. 
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long interglacial period, as urged by McGee ' is not pertinent. Certain 
it is, however, that the remarkable abundance and wide geographic 
distribution of many of the loess shells is indicative of a considerable 
period, after the recession of the glacier, during which the climate 
must have been comparatively mild in order that the numerous spec- 
ies of land moUusks could reach such an immense development, and 
attain such a wide dispersion as is clearly manifest. That the climatic 
conditions, however, were much more rigorous than at present is am- 
ply shown not only by a notable depauperation of the moUuscan shells 
as first pointed out by McGee and Gall,* but it is also attested by the 
introduction of many boreal forms, some of which have been already 
enumerated. The presence, during the deposition of the loess, of arc- 
tic species in Iowa is further evidenced by the discovery of the re- 
mains of such northern mammals as Oviboi cavifronSf^ and Cervus mus- 
catinensis.^ 

The driftless area — ^formerly a veritable Jardin midst a vast waste of 
ice — is therefore of peculiar interest in considering geographically the 
faunal distribution during a time when the climatic conditions of the 
region were manifestly very different from those of the present, and it 
is not improbable that within the limits of the tract mentioned careful 
search among the moUusca and plants will yet reveal many significant 
traces ef boreal life — vestiges of an arctic season. 

Burlington, Iowa, Charles R. Keyes. 

The Taconic of Eastern Newfoundland. — Through the kind permis- 
sion of professor Marcou and the author, Mr. James P. Rowley, geolo- 
gist of St. John, Newfoundland, we are enable to place the following 
interesting letter before the readers of the Geologist. 

St. Johns, Newfoundland, April 24th, 1889, 
Professor Jules Marcou. 

Dear Sir, — I have read with the greatest interest your pamphlet on 
''Canadian Geological Classification." Although I am but a field 
geologist and have neither time nor opportunity for indulgence in theo- 
rizing, I can appreciate your work, the more especially since many of 
your ideas coincide exactly with what I have always believed. For in- 
stance, I never could see the sense of representing faults to account 
for apparent incongruity where no fault was visible, or no facts to sus- 
tain such representation. On this head, and indeed on many others 
concerning which we differed, Mr. Murray and I had frequent discus- 
sions. Being a subordinate I was ofteA obliged to give way, but in one 
or two notable instances where I had clear, indisputable evidence to 
bring forward, he gave way to me. 

On our west coast the Carboniferous series of Newfoundland rests on 

'Pop. Sci. Mo., Nov. 1888, p. 26. 
*Am. Jour. Sci., Sept. 1882, vol. xxiv. 
^McGee: Am. Jour. Sci., (3), vol.xxxrv, p. 217. 
•Leidy: Proc. Acad. Nat. Sci., Phila., xxxi, p. 32. 
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Lauren tian and Lower Silurian.' Li the former instance the absence 
of all the intervening formations could only be accounted for by Mr. 
Murray by assuming a gigantic break extending right through the 
island and bringing the Carboniferous down against the Laurentian, 
burying the immense thickness of underlying rocks in the gulf of St. 
Lawrence. In 1873-74, 1 was sent to survey this section of country and 
examine it closely. I entirely failed to find the least indication of his 
great fault anywhere in the region. There was no getting over the 
fact that it did not exist, and that the Carboniferous rested unconfor- 
mably both on the Lauren tian and Silurian without any such fault in- 
tervening. He was convinced of the correctness of my observations 
and thenceforth removed the line indicating this great break from his 
maps. 

Another observation of yours has also long been held by me, viz. — 
that there is a great deal more in lithological resemblances than is 
generally conceded. I always maintained this against Mr. Murray, 
who never placed much reliance upon it. Of course I do not maintain 
that it h^lds good in every case, or that the lithological characteris- 
tics of a certain series of rocks in one country can be always taken as 
a guide to the same series in another. But there are certain well- 
marked characteristics in almost every formation which become famil- 
iar to one who has for a long time closely observed them, which al- 
ways act as a guide to him, at all events in other sections of the same 
country. At least I have found it so here. There can be no question 
that stratigraphy should be more relied upon than it generally is. 
There are many instances where theory and even palaeontology have 
had to give way. That reference to Mr. Walcott's recent visit to this 
country, in your pamphlet is one. It is a great satisfaction to me learn 
this, for although Mr. Murray commenced the study of those primor- 
dial rocks, it was I who really worked them out, visited every locality 
where they outcropped and constructed the column representing the 
order of succession of the various strata. I do not maintain that it is 
absolutely correct in every particular. It would take very much more 
time than I was allowed to devote to the work toperfectit,andthereis 
nothing that would give me greater pleasure now, than to do so, but un- 
fortunately I am so situated here, where purely scientific work of that 
kind is so little understood or appreciated, that I dare not devote a 
season to it. It is from your pamphlet that I learned for the first time 
that Mr. Walcott has found our stratigraphy to be correct. You are 
quite right in placing the Topsail Head and Bryer's Head limestones 
beneath the Paradoxides beds of St. Mary's and Trinity bays. It is 

* The names Lower Silurian and Silurian are used for the upper and 
even the middle Taconic. The Potsdam of Great Bell Island of Bill- 
ings does not belong to the Potsdam of New York, which does not ex- 
ist in Newfoundland, but seems to occupy the upper part of the col- 
umn of Primordial strata in the southeastern pjart of Newfoundland, 
and is very likely the homotaxis of a part of point Levis and Phillips- 
burgh groups. — J. M. 
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also true that a small Lingula is found in a black shale resting imme- 
diately upon the limestone in the former locality, though not seen 
elsewhere in the same position. There are several other Lingulse in 
the Bell Island rocks, especially in a white sandstone at the very top 
of the series. Mr. Billings believed these latter beds to be the base of 
the Potsdam. If so, they are above all the Paradoxides beds, Topsail 
Head limestone and Archseocyathus limestones of Trinity bay. They 
are also above the Eophyton beds of Bell Island. 
The Lingulse of Bell Island are chiefly Lingulella spUsayLAoveniifLMffinis 
and Lingula murrayi. The former occupies the uppermost strata. All 
the other rocks of this island are crowded with fucoids, Cruziana simi' 
lis, Eophyton linnxaum, E, jukesi, and Anthraria antiquata are very 
abundant. In the Kelly's Island rocks which pass beneath those of 
Great Bell Island, fucoids are also abundant and there is another Lin- 
gula, L, billingsiana. No trilobites have been found on either of these 
islands as yet.' The trilobites are all below and would occupy the in- 
tervening space between Topsail Head and Kelly's island. If Mr. 
Walcott said we had no evidence for this supposition, he was very much 
astray. We have abundant evidence. In the first place the Manual 
Creek shales just above the Topsail Head limestone contain numerous 
small trilobites. The larger trilobites of St. Mary's, Trinity and For- 
tune bays all underlie strata similar to those of Kelly's and Bell 
islands, and are seen coming in contact, all conformably related. I 
know of no OUnellus in any of these strata, unless Mr. Walcott has 
found such last year. The only Olenellus I remember occurs in a pink- 
ish limestone at Canada bay on the northern peninsula of the island, 
far removed, and evidently having no connection with the Conception 
bay primordial strata. These Olenelli were long ago referred to the 
Potsdam by Mr. Billings and are just beneath a heavy outcrop of Cal- 
ciferous. There is nothing approaching Calciferous anywhere on the 
southern or eastern portion of this island, from Cape Ray to Cape 
Freels. 

Now for a few words with regard to the so called Quebec Group 
in Newfoundland. I have also had much to do with that, and Mr. 
Murray and I held many conversations on the subject of its 
true position. Of course he always endeavored to reconcile everything 
with the structure as laid down in Canada, but this was a very difficult 
task. Whatever the serpentines and their associated rocks may be, 
whether igneous, metamorphic or whatever else, I am confident that 
in one locality at least in this country they rest unconformably upon 
Calciferous, Levis and Sillery.' In 1874 I surveyed the Port-au-Port 
bay and gave the exposures there the closest possible scrutiny. On 

* Fragments of trilobites occur on Great Bell Island. — J. M. 

'The name Calciferous used here, does not mean that it is the equiv- 
alent of the Calciferous of New York, but only that Billings has called 
the Pointe L^vis and Phillipsburgh groups Upper Calciferous in New- 
foundland. It is an erroneous synchronism. In western Newfoundland 
Mr. Howley has found the Georgia group with OUnellus ihompsoni, di- 
rectly under the Point Levis group. — J. M. 
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my return I submitted my work with sections, etc., to Mr. Murray. It 
was as clear as daylight that not only the Calciferous and Levis passed 
beneath the serpentine group, but the Sillery also. The latter was 
found in several places resting quite conformably on the Levis shales 
with their graptolites, and always passing beneath the serpentines, 
dolomites, etc. while the latter were found to rest on various mem- 
bers of the lower formation quite unconformably. Mr. Murray was 
very reluctant to admit that the Sillery (always placed above the Lou- 
zon) could really hold an inferior position ; but when he became con- 
vinced of the fact and also of the unconformity, he grew quite enthu- 
siastic. Here was at all events a direct disproval of the attempt to 
place the serpentines in a far inferior position. He wrote to Sir Wil- 
liam Logan, then in England very ill, and sent my notes with the maps 
and sections. Sir William, after a careful study, was satisfied with 
the correctness of the work, and in one of the last letters he ever 
wrote Mr. Murray, he said **yoM have hit tfie correct solution of the Que' 
becgroup,^' The position of the Sillery beneath the Louzon and the 
want of conformity, explains many of the most knotty points connect- 
ed with this group of strata in Canada," or words to that effect. I am 
sorry I did not think of obtaining a copy of that letter from Mr. Murray 
but I well remember his reading it for me. Of course I got no credit 
for my connection with the work. Now whatever may be the opinions 
entertained in Canada or the U. S., on this head, I am prepared at 
any time to prove my work in that section of this island, to anyone 
who will visit it with me. I think Prof. Hyatt, two years ago, bore out 
my work there. There were other parts of this island where it was not 
so easy to determine the position of the serpentines, and indeed where 
the evidences seemed to point to a different horizon. I suggested the 
possibility of there being two or even more zones of serpentinous 
strata, not confined to the same horizon, but Mr. Murray would not 
entertain that view at all. Of course it was a mere suggestion; I had 
no evidence to bear it out, but one thing is certain, were it the case, it 
would at once remove all cause for the conflicting views held with re- 
gard to their true position. 

It is a great pity this island is not either part of the Dominion or 
United States, in which case its most interesting geological structure 
would be closely studied. I am convinced there is no place in North 
America where the Eozoic formations are better displayed, more 
abundantly supplied with organisms, and where the outcrops are so 
numerous and accessible. Now that some of your geologists are 
beginning to find out how interesting the country is, I hope we may 
be frequently honored with their visits. 

I almost forgot that while writing of the primordial rocks I should 
mention that I did not include the great formation of at least 10,000 
feet in thickness (Mr. Murray's Iluronian) which lies beneath them 
here. Whether it should be included in the primordial or Taconic, I 
can not say, but certainly in Conception bay the latter rests uncon- 
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formably upon the Huronian in several places. There are but two fos- 
sils found in it so far, ArenicoliUs spiralis and Aspedello terranovica,* 

Yours sincerely, 

Jambs P. Howley. 

The Terminal Moraine near Louisville. Having lived for more 
than seventeen years on the "backbone" of Long Island, N. Y. before 
coining to Louisville, Ky., I was naturally attracted by the clayey de- 
posits of this region, so similar in character to the glacial deposits of 
Long Island. 

I was aware that the line of the terminal moraine of the great conti- 
nental ice-sheet was drawn farther to the north through central Indi- 
ana, but the more I studied the matter the more I became convinced 
that the glacier had something to do with the clay and cherty forma- 
tions of Kentucky. This opinion has been confirmed by Profs. New- 
berry and Collett. Instead of a lobe of ice, however, flowing down a 
glacial river through central Indiana to the Ohio, as described by Prof. 
Collett, there is evidence that the whole eastern part of the state was 
covered by the great ice-sheet. 

While the glacier seems to have taken a southeast trend, the streams 
under it flowed in a southwest direction. Crossing the Ohio river at 
Louisville these subglacial streams seem to ramify very much the 
same as those of Long Island. The limestone ridge east of Louisville 
is very much broken, especially toward the south. In places it entire- 
ly disappears, or exists only in little round isolated hummocks as it nears 
the knobs. Here a vast basin was formed which is now known as ''the 
wetwoods.'' The present outlet of the Ohio, through the knobs, 
could not have been sufficient to carry off the great flood of waters, 
and so they became dammed up behind the Kentucky hills, or cut 
their way through forming them into the peculiar contour which they 
now present. If we follow up one of the old subglacial depressions as 
far as the knobs we find it connecting with a corresponding depression 
in the hills, showing that at one time there must have been some re- 
lation between them, although water alone could hardly have pro- 
duced such result43 as are here pl'esented. The summits of the highest 
knobs are not only worn into pot-holes, but there are well defined 
kettle-holes, and boulders of granite are often met with in the clay. It 
is true that these boulders are small and have the appearance of being 
water worn, and the floods may have reached the height of four or five 
hundred feet, but the writer has found boulders of sandstone and 
granite l3ing together several miles up the river from the knobs at the 
height of ninety feet above the present level of the stream. These cer- 
tainly could not have been deposited by water unless the water ran up 
hill. The boulders referred to, lay exactly in the path of the glacier 
as it crossed the river from the New Albany, Ind. knobs. 

* These two fossils are the oldest organic remains found in North 
America. They belong to the Infra-primordial fauna or Lower 
Taconic. — J. M. 
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It is well to be careful in coming to any definite conclusion in regard 
to these phenomena, but they are certainly worthy of scientific atten- 
tion. 

Long years of careful study of the drift formations have convinced 
the writer that the glacial area in America is more extensive than has 
been imagined, and that no well defined terminal moraine^ can wall in 
its extreme southern limits. 

Striae here and there may guide us in determining the general fiow 
of the glacier, but they are not an infallible guide as to its extent, as it 
has been demonstrated that glaciers move over surfaces without erod- 
ing or leaving scratches of any kind ; yet to maintain that none of these 
signs are produced by the motion of glaciers would be very absurd. It 
would be equally so to say that there were no terminal moraines be- 
cause they cannot always be well defined. The ' 'backbone" of Long 
Island is very much broken and disjointed, but it would hardly be 
just to say that it had no vertebral column at all. There are wide 
gaps to be filled in along the line of the terminal moraine of the great 
American continental ice-sheet, and prudent geologists will be careful 
in drawing the line until more of the facts are known in relation to 
glaciers, especially one so startling and confounding as that which 
covered more than half of the north American continent. 

LouUville, Ky, John Bryson. 
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Another Burning Gas- Well has recently been discovered 
near Albert Lea, Minnesota. A well was being drilled, and at 
the depth of 63 feet a copious flow of gas was encountered. All 
these Freeborn county gas wells are shallow, not exceeding 75 
feet, and it appears in the light of the deep-well lately drilled 
at Freeborn through the Trenton to the St. Peter sandstone, 
and even to the Lower Magnesian limestone, not finding any 
increase in the supply, that the source of all of the gas thus 
far discovered in Freeborn county is in the drift or in the 
Cretaceous, with the greater probability in favor of the drift. 

In boring for water on the farm of Mr. Charles Estle near 
Columbus Junction, Iowa, gas was encountered at a depth of 
about 120 feet. The well was bored in superficial deposits of 
sand and clay which have been laid down in post-glacial times 
by the Cedar River. The gas was almost odorless, and burned 
with a yellowish blue flame. The flame is reported to have 
been fifteen feet in length and three feet or more in diameter. 
After flowing for about twenty-four hours the supply suddenly 
ceased. Evidently the drill had reached a small reservoir of 
marsh gas which had been imprisoned under a capping of clay. 

Prof. Seth E. Meek of Coe College, Iowa, contributes to 
the Annals of the New York Academy of Sciences an interest- 
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ing paper on the Fishes of the Cayuga Lake Basin. The 
list as given bjr Professor Meek embraces 21 families and 59 
species including varieties ; 26 species are enumerated as food 
fishes; 28 species are accounted valuable as food for other 
fishes ; and 5 are of little or no economic value. 

It need elicit no surprise to find the wives of our leading 
geologists making a name and reputation for themselves in 
the domain of science. Mrs. Anita Newcomb McGee is well 
known as a successful student of sociology and Anthropology. 
Some months were spent last year in personally investigating 
the Iowa communities at Amana and Icara. Among the 
recent publications from the pen of Mrs. McGee are Notes on 
American Communities^ and Organization and Historical 
Sketch of the Women! s Anthropological Society of America. 

Professor C. H. Gordon, of Keokuk, Iowa, has been con- 
tributing a series of interesting articles on geology to the 
local papers, and thus has demonstrated in a very practical 
way what the teachers of our public schools may ao in the 
way of disseminating correct scientific information. Local 
interest in geology at Keokuk has recently been stimulated by 
the boring af one or two deep wells. As reported by Prof. 
Gordon the formations passed through are essentially the 
same as those penetrated by the deep well at Washington, 
Iowa and described in the Geologist, Vol. 1, No. 1, Jan. 1888. 
One point of difference of especial interest, however, is the 
presence of heavy beds of limestone below the St. Peter's 
sandstone. Prof. Gordon reports that the St. Peter's was 

Sassed through at a d^th of 1,050 feet, below which point the 
rill penetrated a succession of limestones alternating with 
calcareous 8andstones,and that at 1770 feet, the depth reached 
at the last report, the drill was still working in hard lime- 
stone. 

It is possible that at Washington, Iowa, as suggested by the 
writer of the article referred to, the equivalent of the Lower 
Magnesian limestone had not been reached when operations 
were suspended. 

Theodore Dwight Woolsey, D.D., L.L.D., for years a 
commanding figure in the world's educational circles, died at 
his home in New Haven, July 1, 1889. President Woolsey is 
the name by which he has been most endeared and most wide- 
ly known. From 1864 to 1871 he was president of Yale col- 
lege ; the burdens of college administration being voluntarily 
laid aside in consequence of advancing age. President Woolsey 
was the author of a number of books that immediately took 
and permamently held a high rank in their respective depart- 
ments of inquiry and mvestigation. His best work was done 
in the domain of social and political science. 
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That Excellent Monthly, The American Naturalist ia 
for some unfortunate reason a little belated this year. Its 
March number reached its subscribers about the first of July. 

The proposition of Major Powell, to construct large res- 
ervoirs in the Rocky mountain region for the storage of the 
surplus water of the Spring months has much to commend it. 
The water that simply runs to waste at a season of the year 
when it is not needed, could be drawn upon during the rainless 
months of summer and made to fertilize large areas of the 
neighboring plains that are now practically a desert. In view 
however, of the recent Johnstown disaster the scheme of stor- 
ing large volumes of water in artificial lakes excites in manv 
minds more or less distrust. There are no engineering diffi- 
culties in the way of constructing dams of adequate strength 
for all ordinary emergencies. The difficulties m the way of 
maintenance however are not easily met owing to the impossi- 
bility of knowing at all times where and in what way and to 
just what extent the structure is being weakened by the oper- 
ation of natural and probably unlocked for causes. A shght 
earthquake or flood of unprecedented violence may without 
a moment's warning, precipitate the whole flood of pent up 
waters on the valley below. Such reservoirs might last for 
centuries, and yet it must be admitted that they are an ever 
present menace to life and property. A recent number of 
Garden and Forest raises the note of warning. 

The Legislature of Missouri at its last session enacted a 
law authorizing a geological survey of the state. The law se- 
lects a commission of four distinguished gentlemen, from dif- 
ferent parts of the state, including the Governor of the com- 
monwealth, to initiate the survey,appoint its chief officer and 
select its headquarters. It particularly specifies that the sur- 
vey shall not be connected with or controlled by any institu- 
tion of learning. An appropriation of $10,000 a year for two 
years was made for use in carrying out its provisions. It is 
gratifying to know that the work so well begun by Shumard,. 
Swallow and Broadhead is now likely to be carried on to ita 
completion. 

Mr. Warren Upham of the U. S. Geological Survey, will 
spend the summer in completing the work of tracing out the 
boundaries of the glacial lake whose ancient bed he discover- 
ed while at work upon the Minnesota survey and which he 
named lake Agassiz. He finds the lake-beach continuous and 
clearly marked. Its basin covers an area six hundred miles 
in length and from thirty to three hundred miles in width and 
now includes several lakes among which are Rainy lake and 
the Lake of the Woods. 

Dr. Alexader Winchell is engaged upon the study of 
the Cretaceous fossils preparatory to writing a monogram up- 
on the subject for the U. S. Geological Survey. 
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DOUGLASS HOUGHTON. 

By Alexandeb Wincuell. 

The fourth decade of the present century produced a body 
of geologic investigators whose brilliant achievements consti- 
tute them a galaxy in the firmament of American science. 
The preceding decade had given birth to Eaton and Dewey and 
Green, and the lustre of Maclure^s name had not yet faded. 
To a large extent, their example and teaching were the con- 
ditions of the advent of the great workers of the fourth decade 
— Edward Hitchcock, Ebenezer Emmons, Henry D. and W. 
B. Rogers, William W. Mather, Lardner Vanuxem, James Hall 
and Douglass Houghton — workers whose labors illuminated 
still more brilliantly the fifth decade, and one of whom still 
lingers to set an example of fidelity to a host of younger com- 
peers and aspirants in this ninth decade of the century. Of 
the distinguished workers of the fourth and fifth decades 
Douglass Houghton was youngest. His fellow-laborers indeed, 
considered him young — too young, almost, for the aspirations 
which animated him, and the independence which character- 
ized his judgments. He was still young when his brilliant 
career was cut short — not too young to have left an impression 
on the science of the country, and to have determined a bias 
in the industries of his adopted State. 
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Douglass Houghton was the son of Judge Jacob Houghton' 
of Fredonia, New York. His mother was Mary Lydia Douglass, 
of New London, Conn., from whom he received his name. Judge 
Houghton had removed to Fredonia from Bolton, Mass., in 
1812. His ancestors came to America about 1758. The Amer- 
ican family is descended from an honorable English stock 
residing in Bolton, Lancaster, from the time of the conquest. 
The name was originally De Houton. The present head of 
the family is Sir Henry Bold Houghton, a member of Par- 
liament. 

The date of Douglass Houghton's birth was September 21, 
1809. His early constitution was delicate, but his intelligence 
was bright, and his nature was sympathetic and sensitive. He 
was reared amid the influences of books and high ideals. He 
was destined for an education, in the hopes of both his parents. 
His father, though settled in the wilderness of Chautauqua 
county, was able to command the conditions which brought 
the realization of his hopes. The Fredonia academy was 
organized in 1824, and Douglass was among its earlier pupils. 
Though faithful to study during his academic career, tradition 
represents him as party to many of those pranks to which 
nature instigates so many of those whom she has chosen for 
distinction and influence. The boy who leads in pranks is 
father to the man who leads his State. Douglass, by the edu- 
cational maxims of his time, was consigned to the usual 
routine of Latin drill ; but by the bent and appointment of a 
forceful intelligence, he was destined to a life of scientific devo- 
tion. 

This destination early reyealed itself in many ways. Back 
of the orchard, a few rods from the residence, the Houghton 
boys made an excavation in the bank, and roofing it over, 
dedicated the simple structure to the uses of a laboratory and 
study. After some months, it became also, a powder factory — 
the requisite machinery and water power having been devised 
by the young Houghtons. One day an explosion occurred in 

'The sources from which the present notice is drawn are a sketch 
by his co-laborer Bela Hubbard, in Amer. Jour. Sci., ii., v, 211-227 ^ 
May, 1848 ; a memoir recently published by Prof. Alvah Bradish (8vo. 
302pp., Detroit, 1889) ; personal communications from Mr. Hubbard 
who still resides in Detroit, and traditions preserved in the memory 
of surviving relatives and friends. Of Prof. Bradish*s memoir I shall 
speak more particularly. 



Douglass Houghton, — A. Winchell. 131 

this mill. Douglass narrowly escaped total blindness. This 
accident was coincident, naturally, with a new trend in Doug- 
lass Houghton's scientific activity. 

At a youthful age, Douglass entered the Van Rensselaer In- 
stitute at Troy, then under the charge of Prof. Amos Eaton. 
This destination was opportune. It suited the nature of the 
young man, and opened the way to the crowning of his hopes. 
Graduating as Bachelor of Arts in 1828, he waited but a few 
months to receive from Eaton the appointment of assistant 
professor in chemistry and natural history. Such was his 
standing that in 1830, he was selected by Eaton to deliver a 
course of lectures on chemistry, botany and geology in the dis- 
tant and quaint old French town of Detroit. It is worthy of 
note that a course of scientific lectures had been provided for 
by the leading men of Detroit — Gen. Lewis Cass, Governor of 
the territory, Maj. John Biddle, Col. Henry Whiting, E. P^ 
Hastings, Shubal Conant, Rev. Dr. Berry and others — ^lettheir 
names be perpetuated for an example to the leading Detroit 
gentlemen of the ninth decade of the century. Hon. Lucius 
Lyon, a delegate in Congress from the Territory, was to call on 
professor Eaton on this business. Though the youth of the 
the chosen lecturer dismayed the stately delegate, he soon dis- 
cerned adequate maturity of thought, and the course of lectures 
became the resort of the elite of the town. 

This was Houghton's introduction to the State of Michigan. 
It was in 1830, and Houghton had just attained his majority. 
He was destined now to settle in Detroit in the practice of 
medicine. He had studied under Dr. White at Fredonia, be- 
fore his departure for Troy, and in 1831 he was admitted to 
practice by the Medical Society of Chautauqua county. In 
Detroit, his education, his talents and his affability gained him 
rapidly many friends whose devotion went with him during 
life. 

A few months after his arrival in Detroit, he received the ap- 
pointment of surgeon and botanist to the expedition for the 
discovery of the sources of the Mississippi, organized under 
the direction of Henry R. Schoolcraft. His report on the bota- 
ny of the remote and wilderness regions passed over, displayed 
extensive acquaintance with the science, and constituted a per- 
manent contribution to our knowledge of the flora of the 
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Northwest, for which he still stands credited in American 
Manuals. 

From 1832 to 1836, he practiced as a physician and surgeon, 
never relaxing however, his pursuits in natural science. During 
the visitation of cholera in 1834, he performed many acts of 
heroism and noble charity, for which he is remembered to this 
day. In 1836 he matured the scheme for the Geological Sur- 
vey of the state. To the promotion of the interests of this 
work he devoted the next nine years of his life. At this date 
geological surveys had been carried to completion in very few 
states gr countries, but now an interest was arising which ex- 
tended throughout the Northern States. It is worthy of note, 
however, that the lead was taken by North Carolina in 1824, 
and South Carolina in 1826. Massachusetts had furnished an 
example and a stimulus to other northern States since 1830. 
The survey of Tennessee had been organized in 1832, that of 
Maryland in 1834, of New Jersey and Virginia in 1835. Acts 
were passed in New York, Maine and Connecticut in 1836, and 
in Ohio, Indiana and Michigan.^ in 1837. Before the decade 
was closed, surveys had been ordered in Kentucky, Rhode 
Island and the mineral lands of Iowa and Wisconsin. There 
was a wide and active awakening to the importance of that 
modern form of scientific and economic enterprise which is ex- 
hibited in public geological surveys. 

An alert intelligence like Houghton's could not fail to enter 
into the spirit of the time, and there would be little difficulty 
in conceiving a practicable plan. To induce a population just 
emerged from a territorial condition to give their practical en- 
dorsement to such a plan, demanded gifts which were more 
than scientific. Only a born public leader could have carried 
such a scheme into effect. It must be remembered nevertheless, 
that for obvious reasons, the difficulty was less in those times 
than would be encountered to-day. Though the State was 
only a month old, Detroit, its capital, had been settled since 
1701. In the missionary operations of the Jesuits, Detroit was 
long a central post, while in the wars with Indians, French and 
British, it was regarded as a strategic point. The military 
establishment was the nucleus of a spirit of intelligence, honor 
and respect for superior station and worth. Detroit was there- 

^The bill was signed by Gov. Mason, Fe>). 2:^, 1837. The State was 
declared a member of the Federal Union, Jan. 26, 1837. 
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fore already in advance of the average character of the west, or 
even of western towns. Those too, were days in which the 
leveling spirit of democracy had not destroyed the rightful 
influence of superior intelligence. The Legislature assembled 
at Detroit was predisposed to listen to the judgments of such 
men as Gen. Cass, Dr. Zina Pitcher, Henry N. Walker, Maj. 
Henry Whiting, Charles C. Trowbridge, Stevens T. Mason and 
Dr. Douglass Houghton. Still, nothing less than the tact, 
urbanity and captivating humor which distinguished Dr. 
Houghton, could even at that time, have secured an appropria- 
tion of $29,000 to be expended during a period of four years.' 
The financial crash which fell upon the country in 1838, was 
peculiarly distressing in Michigan, in consequence of the lav- 
ish scale of general internal improvements which the infant 
State adopted, and most of which were paralyzed during the 
years which followed. To sustain the heart of the State in a 
geological enterprise of such considerable magnitude was a 
greater achievement than to secure its original assent. 

To the geological reader the sketch of the next nine years of 
Houghton's activity embraces the culminating interest of his 
biography. It seems appropriate, however, to reduce to a 
minimum the exposition of the scientific results of his labors, 
and to restrict the present notice to a history of the man and 
his personal relations. 

Under provisions of the act passed in the beginning of 1837 
Dr. Houghton occupied most of the season in investigations 
relating to the **8alt lands" of the State, donated by Congress 
in 1836. Many salt springs had long been known. Houghton, 
from surface indications and general principles, argued that 
the source of supply was a deep-seated formation which might 
be reached by boring or by sinking of shafts in the vicinity of 
the salines. Accordingly, the Legislature of 1838 appropriated 

The total expended by the State for the survey during the four years, 
was $31,597. In 1841 the State made another appropriation of $6,219; 
in 1842, one of $3,703 ; in 1843, one of $2,020 ; in 1844, one of $2,535 ; in 
1845, one of $1,832; making total appropriations for the Houghton sur- 
vey, $52,000. But of this $4,171 remained unexpended. Tlie present 
writer in June, 1886, by request, transmitted to Director J. W. Powell, 
for the use of the United States Geological Survey, a pretty full ** His- 
tory of the First Geological Survey of the State of Micnigan,'* embrac- 
ing memoirs of Dr. Houghton and others. It may here be added, that 
in November of the same year, he transmitted also a paper on **Public 
Geological Surveys in Michigan under the Direction of Professor Alex- 
ander Winchell." 
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$3,000 for such experiments, and Dr. Houghton located two 
wells — one near Grand Rapids and one on the Tittabawassee 
river. To these enterprises much attention was given, and in 
them many difficulties were encountered during two or three 
years, with an expenditure of $45,000 of special appropriations, 
but without attaining the results expected. The Tittabawassee 
well was carried down 139 feet and abandoned in 1842. The 
Grand Rapids well was sunken 876 feet, and abandoned in 
1843. Had Dr. Houghton been in possession of modern facil- 
ities for boring, he would probably have achieved success in 
the Tittabawassee well, and salt manufacture would have been 
commenced in Michigan twenty years earlier than it was. 

The Legislature of 1838 placed the survey on a broader basis, 
authorizing departments of zoology, botany and topography, 
as subordinate to geology. Besides the requisite attention to 
the salt enterprises just mentioned, Dr. Houghton, this season, 
made explorations along the shores of lakes Michigan and 
Huron, and in some limited portions of the interior and south- 
ern counties. One cannot peruse the report rendered in 1839> 
without receiving a vivid impression of Dr. Hotighton's geo- 
logical sagacity. Though he gives expression to certain in- 
ferences and suggestions which later studies have not justified, 
his obvious characteristic as a geologist is largeness of view 
and a tendency to grasp the geology of Michigan in its corre- 
lations with that of surrounding regions. He thinks the rocks 
of the northern part of the Peninsula "may be regarded as re- 
ferable to the great Carboniferous group of the state — a position 
to which their fossil contents are amply suflicient to substan- 
tiate their claim. "^ Again, referring to the range of hills a little 
south of Thunder Bay river which "stretch in a southwesterly 
direction toward the head of lake Michigan," he says *Hhey 
follow the line of bearing of the rock formation, and no doubt 
extend diagonally completely across the state, forming a por- 
tion of the summit of the more northern part of the Peninsula" 
(pp. G-7.) ^*The ridges of limerock," in the vicinity of Little and 

*Siich an opinion cannot ))e considered a dispara^'in^ error, since the 
dividing line between the CarV>oniferou8 and the Devonian had not 
been clearly fixed in American geology. In his First Annual Report on 
the Fourth District of New York, Janies Hall spoke of the limestones 
of the Helderberg mountains as ** Carboniferous or Mount^iin Lime- 
stone.'' {Reports N. Y. Geol. Surj\, 1837, pp. 290,300,) A similar 
reference is made of that at Black Rock, etc. (p. 302, note, 307, 374.) 
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Grand Traverse bays "are without doubt, a continuation of the 
line of bearing of the great limestone formation of Wisconsin." 
On the whole, however, Dr. Houghton reveals in this first 
glance at the general geology of the Lower Peninsula the tact 
and sagacity of a skilled observer. This report is accompanied 
by those of the various assistants. 

The report of observations made by Dr. Houghton in 1839, 
dated February 3, 1840, is devoted to the Northern Peninsula. 
This and that of the following year, dated February 1, 1841, 
are the two most important and original contributions made 
by Dr. Houghton to geological science. In these reports he 
describes the rocks of the Upper Peninsula under the follow- 
ing divisions : 1. Primary Rocks, 2. Trap Rocks, 3. Meta- 
morphic Rocks, 4. Conglomerate, 5. Mixed Conglomerate and 
Sandstone, 6. Lower or red Sandrock and Shale, 7. Upper or 
Gray Sandstone, 8. Sandy Limerock. The Primary Rocks 
consist chiefly of granite, syenite and syenitic granite. The 
extended range of Trap Rocks flanking the Primary rocks on 
the north or northwest (relative positions being reversed on 
the north shore — hence, he says, proving the basin of the lake 
synclinal) are themselves flanked on the north by amygdaloids 
which in part, result from the intense alteration of sedimentary 
rocks next in order. From the masses of greenstones proceed 
dykes (so called) which intersect the newer formations in 
planes conformable with their bedding. The writer gives a 
careful and particular description of the true veins which in- 
tersect the dykes, the amygdaloid and the sedimentary rocks,* 
but, like the dykes, they comform to the bedding of the amyg- 
daloid and the sandstone. These veins, he says contain native 
copper.* 

The Metamorphic rocks consist of talcose, mica and clay 
slates, slaty hornblende rock and quartz rock. These are the 
rocks claimed by Emmons as representing the Taconic system 
in Michigan. To these must be added the argillites first 
reported as included in the "Lower Sandstone and Shales." 

^Besides the clescriptions embraced in these reports, Dr. Hoii;rhton 
presented a careful summary touching metalliferous veins, before the 
^'Association of American Geologists'* at Philadelphia, in 1841. (See 
Transactions, pp. 85-38. See also, Amer. Jour. Sci. 

®A statement which aroused a discussion in the meeting of 1843. 
Amer, Jour. Sci. xlv. p. 160, 1843.) A report was made on the subject 
in 1844 (Amer, Jour. Sci. xlvii, 132, 1844). 
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The Conglomerate, No. 4, and the Mixed Conglomerate and 
Sandstone No. 5, (constituting the Keweenawan system of 
Chamberlin and Irving) are made up of volcanic ejections — 
the sandstone layers having the same greenstone composition 
as the conglomerates, but being finer and evidently deposited 
as sediments in shallow water. The '^Lower or Red Sandrock 
and Shale," No. 6, at first supposed to represent the "Old Red 
Sandstone,"' then in 1843 the "New Red,"^ was subsequently 
pronounced the equivalent of the Potsdam sandstone of New 
York.^ 

In his brief report dated January 25, 1842, Dr. Houghton 
says the survey has made progress, though the unavailability 
of funds has been a hindrance. He speaks of duties assigned 
relative to the boundary line between Michigan and Wiscon- 
sin. He makes mention of other detailed work in exploration 
of the Porcupine mountains, and the rivers in the western 
part of the Upper Peninsula. Though the field-work on the 
scale originally contemplated, is now nearly complete, a large 
amount of laboratory and office work remains, for which he 
asks and receives a small appropriation. In this work the 
year 1842 was occupied, as he informs us in the very brief 
report dated January 3, 1843. This was his sixth annual 
report. In his seventh, dated February 15, 1844, he simply 
states that work on the final report is making some progress, 
but slow. He speaks of progress made on the county maps, 
and pathetically asks an advance of $1,000 or $1,500, to be 
reimbursed from the sale of the maps, when completed. This 
is his last report to the State. Though the office of state geol- 
ogist was not abolished, no State report is found for the eighth 
and ninth years of his incumbency. 

In the meantime, however. Dr. Houghton, despairing of the 
ability of the State to complete the work, meditated a con- 
nection between the linear and geological surveys of the Upper 
Peninsula. His plan was fully set forth in a paper read before 
the Association of American Geologists in Washington, in 

' In the report of 1838, he says "The Old Red Sandstone in the vicin- 
ity of the Porcupine Mountains has been shattered similarly to the 
limestone of Mackinac island.'* 

^Traru. Assoc. Amer. Oeol., 1843; Amer. Jour, Set, xlv, 160. 

® This view was embodied in his notes of 1845, reported on by Bela 

Hubbard. See Jacob Houghton's Mineral Region of Lake Superior, 1846 
p. 118. 
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1844.^° The advantages of such a combination were at once 
comprehended, and the project was warmly endorsed, and a 
committee appointed to "memorialize the proper department 
of the Government." The land commissioner, however, fear- 
ing the ordinary surveyors would not possess suflficient geol- 
ogical information, hesitated, until Dr. Houghton himself 
offered to take the contract. This was signed June 26, 1844, 
and the remainder of that season and the season of 1845 were 
occupied in completing preparations and carrying on the 
work. His contract with the surveyor general was nearly 
completed, when the lamentable event occurred which put an 
end to his zealous and useful activity in the development of 
the natural resources of his adopted State. 

Dr. Houghton's death occurred by drowning, October 13, 1845, 
on the west shore of Keweenaw point, not far from Eagle river. 
He was returning in an open boat, with four men, from a trip 
made to provision one of his parties. Overtaken by a severe 
snow-storm with high wind, about nine 'oclock in the evening, 
the boat was thrown endwise by the waves, and dashed on 
the rocks. Doctor Houghton, with two of his voyageurs, was 
lost. His remains were recovered in the spring of 1846, and 
interred in Elm wood cemetery, Detroit. The place is marked 
by a monument erected by Mrs. Houghton. 

It would not be proper to extend this notice ; though it would 
be interesting and edifying to contemplate an analysis of Dr. 
Houghton's character, and seek to discover the elements of that 
power by which he commanded the respect, and even the ad- 
miration of all who made his acquaintance. This, however, is 
the less necessary, as his life and character have been so well 
portrayed by a surviving friend, professor Alvah Bradish," an 
artist of wide reputation, an appreciator of science, and a 
member of various learned societies. Mr. Bradish for many 
years, was Emeritus incumbent of the Chair of Fine Arts in 
the University of Michigan, and for several years delivered 
lectures. In this volume the biographical sketch of Houghton 
occupies 75 pages. It is followed by brief sketches of several 

^^ Amer, Jour. Sci. vol. xlvii, 1844, p. 115. 

** Memoir of Douglass Houghton^ first state geologist of Michigan. With 
an appendix containing reports and abstracts of tlie first geological survey ^ 
and a chronological statement of the progress of geological exploration in 
Michigan. By Alvah Bradish, A. M., Detroit : Raynor & Taylor, 1889, 
8vo, 302 pp. 
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of Houghton's contemporaries and friends, appreciative 
notices, details of the final catastrophe, an account of the 
Houghton portrait, a proposed monument, a memorial win- 
dow at Marquette, and various memoranda and notes. A 
selection from Dr. Houghton's letters occupies 20 pages. The 
Houghton portrait, painted by professor Bradish, hangs in the 
capitol at Lansing. As a portrait it is said to be faithful and 
true to life. It represents the geologist as standing on the 
rocky shore of lake Superior. His dress is that of an out-door 
explorer — a loose summer coat, without vest, with leather sus- 
penders, trousers of a lighter color, and high-top boots. He 
is resting and meditative. One arm is extended and rests on 
his hammer. The other holds his crushed and well remem- 
bered hat. A cliff of lake Superior sandstone rises in the back- 
ground, and in the distance opens "The Portal," which 
constitutes one of the features of the "Pictured Rocks." A 
photo-engraved copy of this painting forms the frontispiece of 
the memoir, and an impression of it accompanies the present 
sketch. 

With the geologist, another feature of the "memoir" will 
secure a cordial welcome, and that is the reproduction in the 
appendix, in abstract or in full, of all Dr. Houghton's reports, 
occupying 160 pages. As these reports have long been out of 
print, at the same time that they have been in very great re- 
quest — the demand seeming to increase with lapse of time — 
these reproductions will be a boon to all geological investiga- 
tors. They embody abstracts of the reports of Dr. Houghton's 
assistants. The fourth annual report, dated February 1, 1841, 
(89 pages) the most important of all, and containing the most 
matured results, is reprinted in full. The accompanying 
report of Bela Hubbard, (34 pages) the most important 
one made on the Lower Peninsula, is also reproduced, and 
here includes a colored section prepared at the time, but not 
engraved. The report also of S. W. Higgins, topographer, 
(26 pages) is fully reprinted 

Dr. Houghton died at the age of 36. His brief career was 
one of intense intellectual activity. He was a leader among 
men. His life opened with brilliant promise, and was adorned 
by many honorable successes achieved. Only an act prompted 
by an excess of enthusiasm and the virtue of personal daring, 
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gave opportunity for the elements with which he had so often 
toyed, to blot his name, too early, from the list of America's 
most distinguished devotees of science. 



HOW IS THE CAMBRIAN DIVIDED? — A PLEA FOR THE 
CLASSIFICATION OF SALTER A HICKS. 

By G. p. Matthew. 

A new classification of the Cambrian system has lately been 
proposed by Mr. C. D. Walcott, the well known palaeontologist 
of the United States Geological Survey and has received the 
assent of Prof. Chas. Lapworth. The most prominent feature 
of this classification is the basal position given to the Olenel- 
lus fauna which no doubt is in accordance with facts. Another 
point in this classification is the placing of the rocks contain- 
ing the Paradoxides fauna as Middle Cambrian ; with this the 
knowledge at present before the writer does not seem to agree. 
A while ago it seemed as though the Cambrian system was 
divided palaeontologically into three sections, the Paradoxides 
beds, the Lingula flags and the Tremadoc or Ceratopyge beds, 
which would thus be the Lower, Middle and Upper Cambrian. 
But this "Upper" Cambrian was not only weak in bulk of 
measures, but in the genera it contained it exhibited a strong 
palseontological affinity to the Ordovician forms, so strong, 
indeed that by many European geologists it was classed as a 
part of the "Lower Silurian'^ system. 

The discovery by Mr. Walcott of many of these so-called 
Ordovician forms, low down in the Cambrian strata of the 
Rocky mountain region, shows that a different interpretation 
may now be given to these forms, for they do not by their 
presence exclude the Ceratopyge or Tremadoc beds from the 
Cambrian. Nevertheless, under the classification proposed 
by Messrs. Salter and Hicks some twenty years ago, the 
Cambrian is divided into two great divisions only. 
The purpose of the present article is to review some of 
the evidence touching the faunas and the sedimentation of 
this system, and to compare the proposed division with that 
presented by Messrs. Salter and Hicks. 

Late discoveries in America and Europe and especially the 
enlargement of the fauna with Olenellus and the discovery, or 
rather the determination of its proper place in the Cambrian 
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succession, has lead to this proposal for a new allotment of the 
parts of the Cambrian system. 

If the object in view were merely the arrangement of the 
members of this system which may occur in any particular 
country, the sedimentation, or division into series, in that coun- 
try could be utilized for the purpose, but as the object is a 
classification that will apply generally, other criteria must be 
sought. Among those which have been used are the succes- 
sion of the several faunas and the relationship of the genera in 
each ; and the comparative bulk of measures in the several 
parts of the system. These form the basis of the following 
remarks. 

The Cambrian rocks as originally described by Prof. Sedg- 
wick no doubt contained the Ordovician or Lower Silurian as 
well as the strata to which the name has since been restricted. 
These (the Lingula flags, etc.) were also claimed by Sir R. 
Murchison as a part of his Silurian system. In later times 
the conflicting claims of these discoverers have been compro- 
mised by assigning to each his own special domain, and erect- 
ing the disputed territory into a separate system, the Ordovi- 
cian. 

The development of the Cambrian system from its original 
basis in the Lingula flags, etc., received a great impulse from 
the discoveries of Dr. Henry Hicks and the late Mr. J. W. Sal- 
ter in Wales ; and especially in the finding of the Menevian 
fauna in South Wales, by Dr. Hicks. 

In the process of elaborating the Cambrian faunas, the first 

step was the discrimination of the two faunas in the Lingula 

flags in 1853. 

18G5. In this year Messrs. Salter & Hicks made known the 

Menevian fauna, and showed the position of the Para- 

doxides beds in Britain. 

1866. In this year the Tremadoc fauna was distinguished in 

South Wales, and fully confirmed in 1872. 

1869. In 1869 Messrs. Hicks and Harkness described the 

great series of red, green and grey slates below the 

Menevian in South Wales, and showed the existence of 

a fauna older than that of the Paradoxides beds but 

with no trilobites. 

Subsequently Dr. Hicks elaborated the Cambrian system into 

f seven groups, but showing only four trilobite faunas, the first 
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or oldest not having been found by him in Britian. The groups 
of sediments containing these faunas he classified as follows : 

Lower Cambrian, Three groups. — Caerfai, Solva and Me- 
nevian. 

Upper Cambrian. Four groups. — Maentwrog, Ffestiniog, 
Dolgelly and Tremadoc. 

It may be well to inquire what there is to support this classi- 
fication of the Cambrian system, before adopting a new one. 

Two principal criteria for determining a question of this 
kind would be the facies and succession of the faunas and the 
bulk of the measures. In applying these tests, we turn our at- 
tention first to Scandinavia, for in no other part of the world 
is there known such a clear, continuous and complete succes- 
sion of Cambrian faunas as in that country. 

Connection etc., of the Cambrian faunas. 

Of the several classes of organisms in these faunas, the tri- 
lobites may be taken, as the group which will best show the 
relationship subsisting between the several faunas, for they 
are the most varied, and were more sensitive to the changing 
conditions of environment than the others. 

In Brogger's admirable work on the Stages 2 and 3 of the 
Palseozoic rocks of Norway, a table is given which shows the 
succession and range of the species in the Cambrian faunas of 
that country. Then as regards the neighboring kingdom of 
Sweden, Dr. G. Lindstrom's list (1888) of the fossil faunas of 
the Cambrian and Lower Silurian rocks is complete for the 
several zones of the Cambrian in that country. Combining the 
genera from these sources a full representation of Cambrian 
life in Scandinavia is obtained, so far as relates to the genera 
of the trilobites. 

The first or oldest fauna presents the following genera : 

Olenellus(=Mesonacis) *Arionellus (=A(/raulos.) 

* Ellipsocephalus. * Agnostus. 

Of these genera one is peculiar and three (marked by an 
asterisk) pass to the next fauna. 

In the second fauna are the genera. 
*Harpides Anomocai'e. 

Paradoxides (including Centropleura) 

Elliposcephalus Dolichometopus 

*Liostracus (includes Ptychoparia.) 

Ane^iacanthus (c.f. Ceyitropletira?) 
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Conocoryphe. C orynexochus. 

Elyx{ <= Ctenooephalue. ) Microdiscus. 
Solenopleura *Agno8tu8. 

Arionellusy (=Agraulo8.) 

Here are fourteen genera of which three are found at high- 
er horizons in the Cambrian system. Under Lioetracue the 
Swedish palaeontologists inalMdie Ptychoparia which with Ag- 
noatua has a wide range in the Cambrian system, so that with 
the exception of these genera the break is almost complete, be- 
tween this fauna and that which follows. Conocoryphe as un- 
derstood in Sweden does not extend beyond this fauna. 

The third fauna contains the following genera : 
TLioatracuaf Leptoplaatua. 

OLEXNus.f Eurycare (s.gen. oi L^toplaat%^\ ) 

JParabolinais,gen,o{ Olemia\). * Agnoatua. 

Here all the genera and subgenera are peculiar to this fauna 
except the ubiquitous Agnostus, and Liostracus? 

But the connection with the next fauna is closer than appears 
from the names, as some of the genera are closely related to 
those of the succeeding fauna. Eurycare especially is interme- 
diate between Leptoplaatua and Ctenopyge,, 

The fourth fauna has the following genera : 
*Cyclognathua (subgen. oi Peltura\) 

Ctenopyge (s. gen. oi Leptoplaatua. \) 

Peltura. Sphcerophthabnuay (s. gen of Leptoplastus.f ) 

Protopeltura^ (sub. gen. of Peltura.t) 

Boeckia (sub gen. oi Leptoplaatua.) 
Acerocare (sub gen. of Peltura.f ) 

^ Agnoatua. 
Cyclognathua is found in a fauna above, but Peltura and 
Ctenopyge^ with its related forms, especially mark this hori- 
zon. 

The fifth fauna, which has a strong Ordovician facies, exhib- 
its the following genera : 

Cheirurua, Nileua, 

Pliotnera. Symphyaurua (s. gen. of Nileus.f ) 

^ Harp idea. Niobe. 

Remopleuridea. ^ Holometopua. 

° Triarth rua. Conoph rya, 

t See Brogger's Etagen 2 und 3. 
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°DiCELL0CEPHALU8. ^ PardboUnella ( s. gen. of Olenus. f ) 

°Ceratopyge. Amphion. 

^Euloma. Ampyx. 

Megalaspis. ^Agnostus. 

Among these eighteen genera there are only about eight 
(marked by "°") which by their aspect recall the European 
types of the Cambrian trilobites, and probably for this reason 
the Swedish palseontologists regard this fauna as belonging to 
the Lower Silurian. But it evidently corresponds to the 
Tremadoc fauna, which by English palaeontologists is reckoned 
to the Cambrian ; and late discoveries in America show that 
Nileus, Niobe, &c., also are truly Cambrian. 

In Wales, which has given its name to the Cambrian system, 
the succession of the faunas, their unity and their relative im- 
portance are much the same as in Sweden and Norway, but 
these features are obscured by the use of different names for 
some of the genera. 

Mr. Robert Etheridge's catalogues in the Geology of North 
Wales are the basis for the comparisons made here. In them the 
genus Conocoryphe (as used by Mr. Salter) is made to serve 
for a number of Scandinavian and other genera. The figures 
of many of the species in this work are very imperfect, but for 
the purposes of this comparison the species in Ca7iocoryphe 
may be distributed to Conocoryphe^ Ctenocephalus^ Liostra- 
cue, Ptychoparia, Solenoplexira, Euloma^ Paroholina, Para- 
hoUnella (?) Conocephalites and Dicellocephalus. 

In Wales the first fauna has produced no trilobites unless 
Conocoryphe viola belongs here. The second Cambrian fauna 
has a full representation as follows : 

Paradoxides. Ctenocephalus. 

Plutonia (sub gen. of Paradoxides.) 
Anopolinus. Carausia. 

Solenopleura. Conocoryph e. 

* Liostracus {ox Ptychoparia) Erinnys {c,i,) Ilarpides, 
Holocephalina, Microdiscus, 

Arionellus (^^Ayraulos,) * Agnostus. 

Here there are twelve genera of which two only extend up- 
ward to higher horizons. 

t See Brogger Etagen 2 und 3. 



144 How is the Cambrian divided? — Matthew. 

The third fauna (Lower Llngula flags) has the following 
genera : 
Olenus. *Euloma. 

*Paraholina. * Agnostua. 

Of these three extend upward to the higher zone, leaving 
only Olenus as peculiar to this fauna. 

In the fourth fauna (Dolgelly group) are the following 
genera : 

*Euloma. Peltura. 

*ParahoUna. Sphcerophthalmus, 

^Paraholinella- (?) Gtenopj/ge. 

* Conocephalites. *Agno8tu8- 

Five of these genera extend upward into the next zone. The 
Conocephalites have been called Dicellocephalh but they are 
not the typical forms with spined pygidium, which occur 
higher; they are related to Conocephalites (sens, strict) and 
Conoeephalina^\ which has short spines found by Brogger in 
the Paradoxides zone. The genus is not reported from the equiv- 
alent beds in Sweden, where the genera of the second column 
held possession, but it is found in the fauna of Hof in Bavaria. 

The fifth Cambrian fauna (Tremadoc group) exhibits the 
following genera. 

Psilocephalus. ^Euloma, 

Asaphus. ^Paraholina (?) 

Cheirurus. ^ ParaboUnella ( ?) 

° A ngelina, ^Dicelloceph alus* 
Nesuretus. Conophrys* 

Niohe, Ampyx. 

Ogygia, ^ Agnostus, 
Dionide, 

In this assemblage of fourteen genera only six represent 
^'Cambrian forms" of trilobites, but in the first column are a 
number of genera which, once thought to have appeared first 
at this period, are now found to be present in the West of 
America by representative forms at a lower horizon. Hence 
these, although hitherto regarded as Ordovician, as already 
remarked, are essentially Cambrian types. 

It will be observed that in the Welsh area the four Cambrian 
faunas, which have trilobites, show a correspondence of genera 

tOm paradoxidesskifrene ved Krekling. 
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with those of Scandinavia, and here as there, exhibit a very 
decided palseontological break at the summit of the paradox- 
ides beds. Hence Dr. Hicks was justified in dividing the 
Cambrian groups of strata into Upper and Lower, accordingly 
as they were above or below this horizon. 

Having seen how the Cambrian faunas are related to each 
other in Europe, we may now examine their succession in the 
eastern half of North America. 

To Mr. C. D. Walcott is due the credit of having determined 
the relation of the Olenellus fauna in this region to the rest of 
the Cambrian system. 

The clearest succession of the lower members carrying un- 
mistakable forms of this fauna is that which he has lately 
examined in Newfoundland. Combining the genera found 
there with those of the Champlain and Hudson vft-Ueys we 
find the following. 

Olenellus. * Zacanthoides. 

Mesonacis. * Olenoides. 

* Paradoxidea (Shaler) Bathynotus, 

Avalonia (n. gen. not yet described.) 

* Ptychoparia. *Protypu8, 

* Agraulos, ^Micrddiscua, 

* Solenopleura. *Agno8tu8. 

Of these thirteen genera it will be observed that two-thirds 
pass to the Paradoxides beds, and of the remainder, Avalonia 
is not described, and Mesonacis is by Scandinavian palseon- 
tologists regarded as a subgenus of Olenellus, There is thus 
a much closer connection between this fauna and that which 
follows it, than there is between the latter and the faunas of^ 
the Upper Cambrian. Moreover the embryonic and larval 
stages of Paradoxides and Olepellus show that the genera are 
closely related. 

We have very little knowledge as yet of the way in which 
the Paradoxides fauna was related to that which follows it, 
since both in Newfoundland and Acadia the next zone has 
yielded very scanty remains of trilobites. Perhaps the Mt. 
Stevens section where the genus paradoxides has been foundf 
will yield the required information. In Newfoundland Mr. 
Walcott has found Olenus, and in the St. John area (Aca- 

tSee this journal vol. iii, No. 1. (Jan. '89.) 
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dia) Leptoplastus occurs. In the latter area also the fourth 
Cambrian fauna has been found, being indicated by the pres- 
ence of Ctenopyge Hagillifor^ C. apectabilis and Or this lenti- 
cularis, 

A fuller presentation of Upper Cambrian forms is that 
which is found in the Mississippi valley in the states of Wis- 
consin and Iowa, where there is a succession of 600 feet 
of^sandstones whose fauna has been described and figured by 
Prof. Jas. Hall. He divides this series into three parts, the 
lowest of which contains forms similar to those at the base of 
the Olenus zone in Europe. 

In the middle division which is most prolific of the 
remains of trilobites, are species which may be compared to 
those of the genera Olenus^ Parabolina, Leptoplastus, 
Euloma and Conocephalites. Dr. Dames compares others to 
Anomocare. It is oi\ly in the highest Potsdam division and 
in the beds above it agcording to Prof. Hall that the typical 
DicoUocephali appeal, and these in Europe are found in the 
Tremadoc or fifth Cambrian fanua. Triarthrella occurring 
in Wisconsin with these Dicellocephali is compared by 
Brogger to Qyclognothus^ a genus of the fourth fauna and of the 
base of the Ordovician. The whole series of 600 feet in Wis- 
consin seems to belong to the Upper Cambrian. But the 
phase of the fourth Cambrian fauna represented in Europe and 
Acadia by Ctenopyge and its allies is absent, probably from 
the want of favorable habitat. 

Comparative hxdk of measures holding the faunas. 

The relative age and position of the Parad oxides beds in the 
Cambrian system may be shown by the bulk of the measures 
in the difierent parts of the system. With our present knowl- 
edge this can be only imperfectly done, but the following is a 
comparison of the mass of deposits in three different coun- 
tries. When the system has been more carefully studied in 
different parts of the world a more exact proportion in the 
sedimentation will be had. 

In Norway the Cambrian system has the following thick- 
ness.* Ratio, 

Stage 3a=Tremat]oc or Ceratopyge fauna 45 feet. ... 1.2 

2d-€=Dolgelly or Peltura'fauna 40 *• 1.0 

2a-c=Lower Lingula flags, Olenus fauna 110 *' .... 3.2 






* Die Silurischen Etagen 2 und 3. 
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lc-d=Menevian and Solva, Paradoxides fauna, 80 **.... 2.3 
la-6=Harlech (?) or Olenellus fauna 80 *'.... 2.3 

355 feet. 10.0 

In Wales there are the following groups of Cambrian strata : 

Ratio, 

{Tremadoc 1000 feet, 1. 

Dolgelly 600 " .5 

Ffestiniog 2000 *' ) . ^ 

Maentwrog 2500 *' f ^'^ 

T^«,o,. (Menevian 700 " ) ^k 

P wL i Solva 1800 " \ ^'^ 

Cambrian. | ^^^^^ ^^ u ^ 5 

10,100 10.0 

In Acadia the Cambrian sediments are intermediate in 
thickness between those of Wales and Norway. The average 
of two sections in the city of St. John gives the following pro- 
portions : 

Batio, 

Division 3=Dolgelly (and Tremadoc) 600 feet 2.5 

*' 2=Ffe8tiniog and Maentwrog 1060 *' 4.O 

'* l=Menevian and Solva 350 '* 1.5 

Series A =Caerfai ( ? ) 500 ** 2.0 

2500 10.0 

In Newfoundland Mr. Walcott has found the Olenus beds 

to be about 600 feet thick and the Paradoxides beds 370t feet, 

which agrees nearly with the thickness of these portions of 

the Cambrian system at St. John (New Brunswick). 

The Olenus fauna is found in Newfoundland, but apparently 
Mr. Walcott has not discovered there the fourth fauna (Pel- 
tura) or the fifth fauna. We therefore are still confined to the 
three countries of Scandinavia, Wales and Acadia as giving 
the most complete presentation of the sedimentation and life 
of the Cambrian- period. Combining the ratios for these three 
countries we get the following result. 

General 
Norway, Wdles, Acadia, Batio, 

Fifth fauna Stage 3a 1.2 1 l.»....l.l ) ^t 

Fourth'* '* 2d-e 1.0 5 1.5.... 1.0 J-O.^. ^P?"* 

Third '* '* 2a-c 3.2 4.5 4 3.9) Cambrian. 

Second** ** Ic-d 2.3 2.5 1.5.... 2.1 [. Lower 

First ** ** la-6 2.3 1.5 2 1.9 [ ^'Cambrian. 



10,0 10.0 10.0 10.0 



* The general average is taken for this portion. 

» 
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These facts do not favor the separation of the Paradoxides 
beds from the Lower Cambrian, or their erection into a sepa- 
rate division as Middle Cambrian. If there is to be a Middle 
Cambrian it would rather seem that the Olenus fauna holds 
this position. But as has been shown the faunal relationship 
of the Olenus beds to those which follow them forbids their 
separation, just as in the Lower Cambrian a similarity in the 
forms correspondingly connects the Olenellus with the Para- 
doxides fauna. 

THE MISSOURI RIVBR. 

By O. C. Broaduead. 

There remain certain features pertaining to the physical geog- 
raphy and geology of the Missouri not fully understood. 
Such I will briefly discuss, chiefly from my own observations 
which have been taken at the head of the main stream, at the 
Three Forks, Benton and Bismark, and extended from Sioux 
City to the mouth, the lower part having been studied both 
by land and water. 

The valley drained by the Missouri may be divided into 
three areas which difier geologically and topographically, viz. : 
Ist. The upper or mountain district; 2nd. The plains; 3d. 
The lower valley region ; or 1st. The mountain and igneous or 
volcanic ; 2d. The plains, or Tertiary and Mesozoic ; 3d. The 
lower valley or Palaeozic. 

The Missouri is formed by the junction of the Jefferson, 
Madison and Gallatin at Gallatin City, Montana, lat. 45^ 52' 
N., long. 113° 30' W. of Greenwich. These three streams take 
their rise amid the snowy peaks of the Rocky mountains and 
for 400 miles below the forks the water is clear and beautiful. 
The latest revised estimates give 2,766 miles from the mouth 
to the Three Forks. Early trappers and voyageurs considered 
the Missouri as 4,000 miles long. The Three Forks are each 
from 200 to 300 miles long and bold and rapid. The Madison 
takes its rise in the southwest part of the Yellowstone park, 
being formed by the junction of the two forks of the Firehole 
river. The east fork is about ten miles long, the south fork 
about 25, traversing in its course the homes of the grandest 
geysers of the world and deriving its chief supply of water 
from them. The mountains adjacent are of later Tertiary 
volcanic. Just east of this and but a few miles away the Yel- 
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lowstone takes its rise and passes through that wonderful and 
beautiful sheet of water, Yellowstone lake, 7735 feet above the 
sea, thence through rhyolitic cafions and over grandly beau- 
tiful falls for over 200 miles, at last seeking the plains ; and it 
at length unites with the Missouri. The lower half of the Yel- 
lowstone passing through the ''Bad lands'' partakes of the 
general character of the Missouri. 

Of the Missouri, 2,518 miles are navigable by steamboats from 
its mouth to Ft. Benton. It can be navigated to the foot of 
the f^Us, 25 miles above Ft. Benton, or 2,543 miles from the 
mouth. The entire stream includes 2,350 miles of sandy river 
and 416 miles of rocky river. The general character of its 
channel, current, banks, and width and its variable character 
of channel, current, banks and width do not differ from its 
mouth to the Yellowstone, 2,000 miles. It is decidedly mud- 
dy to the mouth of Milk river, 80 miles further up and not en- 
tirely clear until we pass the mouth of Marias river, 20 miles 
below Ft. Benton. It really gradually changes its character 
from the mouth of the Mussel-Shell to Milk river, where it 
cannot be distinguished in its general character from the river 
far below. 

The banks in many places, to within 200 miles of Ft. Ben- 
ton, resemble those of the lower river, and below that point, 
Cottonwood trees are often seen falling in and the banks cave 
as they do on the Lower river. Bird's Rapids, 100 miles below 
Ft. Benton, is practically the last rapid. Below this to Bis- 
mark are numerous sandbars and as the river falls after the 
summer rise the channel at first is considerably spread out 
and is unreliable. 

Carroll is 2,356 miles above the mouth, and from that place, for 
1,300 miles down stream, the river seems annually to be sub- 
ject to changes by channel shifting and banks and trees falling 
in, and in this distance there are no solid rock ledges available. 

Between Ft. Benton and Bird's Rapids, or for 100 miles there 
are 24 serious rapids. 

The river bed is considered rocky only from its head to Car- 

TOU. 

The Great falls, with intervening rapids and cataracts, ex- 
tend for 15 miles up stream, or from the mouth of Belt creek 
to the head of the rapids below the mouth of Sun river, and 
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include a total descent of 574 feet, including Black Eagle falls, 
26 feet, Rainbow falls, 20 feet, and Great falls, 90 feet. 

Above the falls, the stream is generally too rapid and curves 
too sharply for steamboat navigation, but from personal ob^ 
servation, I think that a channel depth of three feet can be se- 
cured on most of the rapids to Three Forks, certainly to 
"Gates of the Mountains." On this part of the stream there 
are practically no sandbars but the shoals are chiefly ob- 
structed by rocks of various sizes mingled with some sand. 
Below Atlantic cafiion is Half-Breed rapids, one and a half 
miles long, and our time through it in a skiff was 4 minutes. 
Other sharp bends are Whirlpool rapids and Mandible point, 
-the latter just below "The Gates of the Mountains" where the 
stream flowing in one direction for 3 miles makes a detour 
parallel with its former course for 3 miles, separated only by 
a narrow ridge. There are estimated to be 33 rapids from 
Three Forks to "Long Pool." The Long pool is a quiet reach 
of 40 miles from Ulidia to the Great falls. 

The upper portion of the river is flanked chiefly by rocky 
cliffs, generally approaching near the water on one side, and 
retreating a little on the other, with grassy front. At "Gates 
of the Mountains" are cliffs 2,000 to 3,000 feet high for four 
miles on each side. At this place is a prominent point called 
"Bear Tooth" mountain, 2,500 feet high, a prominent feature 
for 20 to 40 miles away. Other prominent points on the upper 
river are Red Rock cafion, 1,000 feet, Black Rock 800, El Do- 
rado 800 and Helena 800 feet high. Copper rock 1,000 feet, 
Atlantic Cannon 700 to 900 feet. For 50 miles below "^xates of 
the Mountains" the scenery is grand, the mountains high and 
clothed with scattering pines, the water clear, and the rocks 
weathered into many curious and striking forms as "Copper 
rock," DeLacy's point, Eddy rock 1,200 feet high at entrance of 
Atlantic cafion, Black Rock, Robber's castle, "Man and Wo- 
man," and Big rock 1,100 feet high. The area drained by the 
Three Forks is estimated to be 12,500 square miles and the 
rise at their junction never over 6 feet above low water mark. 
Ice gorges do cause a local rise a little higher and the snow 
melting in May causes the discharge to be 4 times the normal 
amount, and at the lowest 1-5 less. Roberts estimated the 
discharge to be : 
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Jefferson River 3,778.33 cubic feet per second. 

Madison *' 2,670 

Gallatin *' 2,073.33 

Total 8,521.66 feet per second. 

The area of the Missouri drainage, above the mouth of the 
Yellowstone is 93,000 square miles. 

That of the Yellowstone is 78,700 square miles, and both 
united 172,000 square miles. The entire river drains 510,000 
square miles. The mouth of the Yellowstone is 2,000 miles 
above the mouth of the Missouri. 

A striking feature of the Missouri river is its remarkable 
impetuosity for so great a distance ; also the continual whirl- 
ing agitation of its waters, and the large amount of earthy 
material held in suspension. Its character seems different 
from other streams, and it imparts its own character to the 
Mississippi river below their junction. Its range of surface 
below Sioux City (781 miles from the mouth) varies from 16 
to 20 feet. The amount of water discharged is subject to var- 
iation. The observations of Col. C. R. Suter, at St. Charles, 
in 1879, showed a variation from 26,446 to 298,537 cubic feet 
per second for a range of 17^ feet on the gauge, or a low-water 
volume of 1-11 that of high water, and an ordinary r^nge of 
gauge would give volumes of 15,000 and 430,000 per second 
for low and high water, or low water volume 1-28 of high wa- 
ter volume. At Sioux City the variation is about the same. 

The main valley consists of a great rock trough 1^ to 17 
miles wide. From Sioux City down, the bed at one time seems 
to have been filled with glacial drift, subsequently in part 
cleaned out. Boulders are found resting on the bed rock, 
sometimes cemented together with gravel and sand. These 
were found in excavating bridge foundations both at St. 
Charles and at St. Joseph. Below St. Joseph the valley aver- 
ages 2\ miles in width; above to Sioux City it is wider. 

The general depth to the rock-bed of the lower river, varies 
from 70 to over 100 feet. Most bridge piers have reached solid 
rock. The velocity at St. Joseph at ordinary spring floods is 
3 8-10 miles per hour, at low water 2 6-10. At low water the 
channel at St. Joseph is 400 to 500 feet wide and 15 to 30 feet 
deep, and the difference between high and low water is 23 feet; 
width at floods 1,420 feet. Rock is 43 to 48 feet below low wa- 
ter. There is a deposit of 40 feet resting on solid rock consist- 
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ing of boulders, pebbles, coarse and fine sand, the coarser be- 
low. The velocity at St. Joseph at low-water is 2 to 3 miles 
per hour, And in floods as much as 10. 

Bank erosion is constantly going on in the lower river; 
whole farms have been washed away in less than a decade of 
years, and the channel shifts from side to side ; what is des- 
troyed on one side may go to form land upon the other side. 
The general slope of the river averages 0.88 'to the mile, both 
at high and low water (Suter). 

The actual navigable depth varies from 3 feet at low to 9 at 
high water. Col. Suter's observation at St. Charles gave, for 
sediment carried past for 1879, 5,508,229,008 cubic feet, the 
water discharge for the same time 2,335,143,946,400 ; and on 
July Ist, 1879, the amount of sediment transported would 
cover pne square mile 4 feet, and during the entire year 197.68 
feet deep; this not including that directly upon the bottom 
which if counted would increase' the amount, even might 
double it. The approximate width from Sioux City to the 
mouth of the Platte is 820 feet. From the mouth of the Platte 
to Kaw river is 960 feet. From the mouth of the Kaw to 
Gasconade it is 1,160 feet. From Gasconade to the mouth of 
the River it is 1,240 feet (Suter). Low water for the same 
would be (Suter) 650 feet, 820 feet, 1,020 feet and 1,100 feet. 

While the Mississippi valley including the Ohio, the upper 
Mississippi and the Missouri valley as far up as near Sioux 
City was dry land during Palseozic times, and during the suc- 
ceeding Mesozoic and Tertiary periods, there lay just west a 
low ridge (or scarcely a ridge being mainly an approximate 
line whence strata dipped rapidly west) passing northward 
through central Kansas into eastern Nebraska and north- 
wardly. This ridge or very flat anticlinal prevented the waters 
of the Laramie seas from flowing eastwardly and formed the 
eastern margin of the Laramie brackish water lakes, which 
during a long period of time gradually and slowly settled suf- 
ficiently to receive the lignitic coals and other succeeding beds 
of clay and silt. After the close of the Laramie and during 
later Tertiary times, the fractures incidental to the volcanic 
outflows in the Rocky mountain and Columbia river regions, 
formed the channels for the Columbia, the upper Missouri, 
Yellowstone and other Rocky mountain streams. 

The lower Missouri already had its existence. It dates its 
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EXISTENCE to the period of the Ozark uplift, as shown in my 
article previously published.* That article pertained only to 
the Ozarks and adjacent country, and although not definitely 
designated I intended only to convey the idea of the age of 
the lower Missouri, and not of the upper portion. The upper 
river was not then considered. 

The age of the lower Missouri, at least from Omaha down, 
is contemporaneous with that of the Mississippi from its head 
to the mouth of the Ohio. The Monoclinal along the eastern 
border of the Ozarks is either directly in the channel of the 
Mississippi, or in hills near by, as shown by eastern dipping 
of rocks, and strikes of low anticlinals passing eastwardly. 
The monoclinal along the northern border of the Ozarks is 
also very near the channel of the Missouri river, or in the 
hills adjacent, as proven by examination at numerous places 
near the river where the strata dip strongly to the North, and 
also by the several strikes of low anticlinals passing off north- 
wardly beyond the edge of the monoclinal. These effects were 
more fully discussed in my article on "The Ozark uplift.** There 
are no rocks of later age th^n the upper Carboniferous in this 
lower district. The effects of the uplift are alike along the 
Missouri and the Mississippi. One who has observed these 
features will readily come to one, and only one conclusion — 
THEY ARE OF THE SAME AQE. In what Way the lower and the 
upper rivers came to be connected has yet to be demonstrated. 
It took place either in very late Tertiary or just subsequently. 
There undoubtedly were streams tributary to the* great Lara- 
mie lake, and the upper Missouri (above the "falls") may 
have been a developed tributary. While the lake dried out 
during the later Tertiary, various fissures were opened, chan- 
nels for streams worked their way along the descending slope, 
and through these fissures the waters of the upper Missouri 
passed and united with the lower river. 

After the Archsean there was a period of quiet, permitting the 
deposit of 30,000 feet of strata in the eastern United States ; 
during the same time in Missouri 1,500 to 2,000 feet were de- 
posited, including the Magnesian limestone series of south 
Missouri. The total Palseozic series in Missouri amounts to 
about 5,000 feet. 

The greater portion of the Ozark plateau has been dry land 

'This journal. Jan. 1889. 
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since the close of the Canadian period, but it has been more 
or less subjected to slight oscillations from that time to the 
Permian. It began to rise just after the Canadian. It was 
above the waters before the Trenton period. S'rom the Cana- 
dian to the beginning of the Lower Carboniferous it was dry 
land. It then became sufficiently depressed to receive lime- 
stone deposits near its outer margin during the early Subcar- 
boniferous, a few beds of later Chouteau, and early Burling- 
ton. This was the last period of submergence of any part of 
the Ozarks. It again was subjected to elevation before the 
era of the Keokuk, and was subjected to slight throes inciden- 
tal to the uplift, which did not cease until after the Coal Meas- 
ures were deposited, but this was continued through a long 
succession of time but ceased at the close of the Palsezoic, its 
latter stage contemporary with the Appalachian revolution. 

During the Glacial and succeeding Quaternary, the lower riv- 
er was filled with boulders, sands and pebbles, now found in 
its bed. That the Missouri as well as the Mississippi was 
dammed or gorged at many places seems evident from the silt- 
like deposits now so thickly strewn along the neighboring 
hills, and to which the term "Loess" has been applied. The 
drift abounds in north Missouri but is rarely found south of 
the Missouri, .and I have recognized it only at about three 
localities 5 and 15 miles from the Missouri. In Illinois it is 
limited by the Ohio. From the southern limit it extends away 
north. The Loess is well recognized only near the Missouri 
and the Mississippi ; I speak of the lower Missouri. Its origin 
as well as that of the present silt along the Missouri is from 
the "Bad lands" of the upper river. 

For 400 miles below Ft. Benton the Tertiary and Cretaceous 
are weathered into curious forms, and as far down as Judith 
river are numerous trap dikes causing rapids. For 600 miles 
on the upper river are occasional outcrops of lignite and most 
of that portion presents the well known "bad land" scenery. 
The rocks are often weathered into many curious forms and a 
common feature is many standing columns forming numerous 
monument-like groups similar to those' in the "Garden of the 
Gods," Colorado. These are a very interesting feature of the 
scenery of the upper Missouri. 

To the Palaeozoic cliffs of the lower river are given names 
which have become historic, as "Tavern rock," "Big" and 
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"Little Blossom," "Arrow rock," etc., and on the Mississippi, 
"Bake Oven," "Grand Tower," etc. The lower Ohio, (probab- 
ly all of the river) the upper Mississippi (above the Ohio) and 
the lower Missouri are all of the same geological age. Begin- 
ning ab the close of the Palceozoic or a little before, they were 
soon after developed into lively running streams. The Mis- 
souri was probably a clear stream until joined with the upper 
Missouri after the later Tertiary. 

University^ Columbia, Mo-, July, 1889, 



THE MWSOZOIC SERIES OP NEW MEXICO. 

I. 

By JuLBS Marcou. 

The June number of The American Geologist contains a 
paper by Prof. J. J. Stevenson, "The Mesozoic rocks of south- 
ern Colorado and northern New Mexico," pp. 391-397, based 
on such inexact principles that it confuses all the stratigraphy 
of four systems of rocks, the Carboniferous, the Trias, the 
Jura and the Cretaceous. At the end of his paper professor 
Stevenson makes use of language such that it is impossible 
even to quote it. However I shall answer him, in order to 
give a little more light, taking special care to stay only on the 
ground of geological facts observed in the field, and published 
in official reports, or in scientific periodicals. 

1853, Marcou. — New Mexico was geologically a complete 
terra incognita in 1853, when I reached it, after passing over 
another terra incognita from Little Rock, Arkansas, to the 
Llano Estacado. The Carboniferous system had been recog- 
nized in Iowa, Nebraska, Missouri and Arkansas, and its exis- 
tence had been signalized also on the San Saba river in Texas, 
and at Great Salt lake. The Cretaceous system was known 
to exist on the upper Missouri river, in Texas, and at Poblazon 
(New Mexico), without any attempt at any classification or 
synchronism with the Cretaceous of the eastern and southern 
states, and even less with Europe; except for the vicinity of 
New Braunfels in Texas, where Dr. P. Roemer had worked out 
the Cretaceous strata, giving a classification and synchronism, 
which on the whole has proved incorrect (*Texa8." von Fer- 
dinand Roemer, p. 373, Bonn. 1849). After passing over Del- 
aware mountain or ridge (about 97° longitude and 34° 60' 
latitude in the Indian territory, Chikasaws nation), I entered 
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into the New Red Sandstone series (Dias and Trias systems) ; 
and after traveling westward for hundreds of miles I met first 
the Neocomian, with a well characterized fauna at Comet creek 
(99^ longitude and 35° 50' of latitude) resting uncomformably 
upon the middle part (Muschelkalk) of the Triassic system ; 
and secondly the Jurassic system lying in concordance of stratifi- 
cation over the upper part (Keuper) of the Trias at Encamp- 
ment creek on the Llano Estacado, but without fossils, and 
farther on at Pyramid mount, Tucumcari and Plaza larga 
area (longitude 101° to 104° and latitude 35° 10') with a 
fauna of Jurassic OstraceoB containing the most characteristic 
European forms. On reaching the settlements in New Mexico 
I found at Galisteo the upper Cretaceous or white chalk for- 
mation of Europe characterized by a genus of fossil fish, 
Ptychodus^ confined until then to the white chalk of England 
and France ; and besides I recognized west of Galisteo, a Cre- 
taceous area which extends across the Rio Grande del Norte, 
forming all the mesa between Albuquerque and the Rio 
Puerco. 

I will present my strati graphical observations and 
classification of the strata of New Mexico, the Pan Handle of 
Texas and the Indian territory, as I made it in 1853, in the 
following detailed table. 

I.— Table showing the order of succession and classification of the Mesoaoic series 
along the 35th parallel of latitude, between Delaware ridgeflndlan territory, Chick- 
asaw nation). Zuni, (New Mexico), and San Francisco mountain, (Arizona), 1853. 



M 



M 
O 

& 

M 



Upper Cretaceous 
or 
White chalk. 
(New Mexico.) 



Break. 



Middle Cretaceous 

or 

Green sand. 



Lower Cretaceous 

or 

Neocomian. 

(Indian Territorj.) 



a. Gray sandy marls, with Ptvehodus wh^leitAmtnonitet^ 
Inoceramtu^ Ostrea congeata; north of Cfalisteo, lyine in 
discordance of stratification oyer or against the wnite 
and yellow Jurassic sandstone. 

b. Black marls and sandy limestone with Inoceramut 
Lerouxt; Ravines of the Rio Galisteo. 

c. White sandstone, with Ammonites novi- mexicani, 
BaeuUUB and Inoceramw*. It forms the whole mesa 
between Albuquerque and the Rio Puerco. 



Greenish marly limestone, with scales of fossil) Unknown 
fishes. Seen only at Shawnee villageiat the junc-> in New 
tion of Little river with the Canadian river. > Mexico. 



Fort Washita and nearl 
Texas), with Qryph«a Hnwtta TT„vnnwTi 
cana, Exogyra texana, Ottrea cari- j ^""o^" 



a. Pale blue marl of 
Preston (Te 

nata, HoUuter eomanchef, Ammonitet peruvi- S j^*" 
antu. Am. belknapi. Am, shumardi, etc. ' 

b. Yellow Grypbites limestone of Comet creek 
and Fort Wasnita with GrypJuea pUcheri, 



Mexico. 



Break. 



I. White limestone, similar to the white limestone of the 
White Jura of Wurtenberg and the Jura. It forms the 
summit of Pyramid mount, Tucumcari area. No fossU 
collected. 2 feet. 
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1, \ ellow ItmeitoDe, slmllnr to the yelloir Umemonc bo 
common In the Jur* Pyramid moutil. N'o foBiile col- 
lected: £0 Ul\. PlTUBld moant. 

IJ. BlQe-Ktay cUt. «)nillsr to Ibe Oxford diT or tbe Jur* 
and touUicm EnglRud. Pyramid monnL A bvd \t full 
of well nreierved ervp4«a dllalala v«r. Taeamcatii and ■ 
rare Oilreo nariAti; SDIieL Fyramld mount. 

V. Whits and TeHov aanditoae. No loiilli eolle*^led: 
Itufeat. FTramid • 

Ubdo Krtaeiido, . 

the Inra f onneu Bt the lop ol wlk!t« cbalky Umettone, 

then aalraraou* conglomerata.UieD lln — " ■" " — ■- 

■aaditone conialnlns Dumerom ealua 

Hrokcn touUi andetermlnabU. Froi- 

the Jura*ile roelis cnoiiime weHward to Ci 

covero Innerlptlon inckn and ranonlM Bonllo. 



o tossllii colleel- 



b. Wbllitli-Krar ■andslonc 



No fOHiU collected. 



.600 Icvt. Kumcroiig foull voodi 



.ardmi'! t (Arf- 
een Rock Mary 



D Antonio and v 



AHdlliu-e. 

a«deandi 
conglomnri 



. . 1 old fort A _. 

lOftierlowu lo Rock Mary {Indian 

id lenltory), at TJieraa, and on Iha 

I Colorado I'htqulto betwet-n Lllll- 

J odendrou rrvek andCanon Diablo. 



Iween Canon Diablo *i 



(hp Kto C 

friendly h 

Topoiki croBk area (Indian Iflrrltory^). Noloiilisi 



Ilue-blflOk and gray Umt^atone aud marli wiib a rlrb Car- 
bonlteroiu fauna, more eipeclolly Brnf»*npo«lH.— Dela- 
ware rldKO (Indian lerriKirj); Ppcon vninito, Tljeraa. 
Sierra de Sand la and Sltrra de Zunl (New Uezlcoj: and 
went of Ihi- {ino Frimclcro mountalnn (Ariiona). 



All my observations were carefully checked while in the 
field and afterward T took care to publish them with minnte 
exactnees both as regards the text and ae to geological maps, 
sections and plates of fossils. Prevented by Jeff Davis, then 
Secretary of War, from publishing my report in full — a case 
unique in government ofEcial reports — I was obliged to have 
recourse to foreign periodicals, and finally to publish my 
observations at my own expense, in the English language and 
in a foreign land, at Zurich (Switzerland). Here are the 
titles of the principal papers and memoirs, In which are in- 



158 Mesozoic Series of New Mexico. — Marcou. 

serted in full my researches along the S5th parallel of latitude 
(1) ^^Resume of a geological reconnoissance extending from 
Napoleon, at the junction of the Arkansas with the Mississip- 
pi, to the Pueblo de los Angeles in California." {Report of 
Secretary of War. House Document 129, in Lieut. A. W. 
Whipple's Report of explorations near the thirty iifth par- 
allel^ chapt. VI, pp. 40-48. Washington, 1855.) A corrected 
edition of that resume was published ^t the end of vol in, pp. 
165-171, of the quarto edition of the PaciHc railroad explor- 
ations. Washington, 1856. (2) ^'Geological notes of a sur- 
vey of the country comprised between Preston, Red river and 
El Paso, Rio Grande del Norte." Rep. Sec^y War, House 
Document 129, in Bvt. Capt. John Pope's Report of explora- 
tions near the thirty-second parallel, chapt. xiii, pp. 125-128. 
Washington, 1855. (3) "Resum^ d'une carte geologique des 
Etats-Uni« et des Provinces Anglaises de TAmerique du Nord, 
avec unprofil geologique allant de la valine du Mississippi aux 
c6te8 du Pacifique et une Planche de fossile" (Bulletin Soc. 
GeoL France, t. xii, pp. 813-936, Paris 21 Mai, 1855). This 
geological map is the first map giving the Geology west of the 
Mississippi river to the Pacific ; along the 35th parallel, the age 
of the rocks, their position and geographic distribution are 
exactly given ; outside of the road followed by the expedition 
the geology is only approximative, as no geologist had ever 
traveled over the ground. The geological profile or gen- 
eral section from the Mississippi river to Los Angeles is 
the only general geological section we possess even to this day 
of the country extending between the Mississippi basin and the 
Pacific shores ; finally the plate of fossils made by Humbert, 
the artist who drew the fossils of Barrande and Deshayes, and 
who was considered the first draftsman of his time, represents 
the OstraceoB found by me in the Jurassic system and the 
Neocomian of New Mexico and the Indian territory, and is 
the best and most beautiful plate of invertebrate American. 
Mesozoic fossils published even to this day. (4) **Geology of 
North America, with three geological maps and seven plates 
of fossils." 4to Zurich, 1858. One of the maps represents the 
geology of central New Mexico from the Llano estacado to the 
west of Zuni, scale, 1 :9(X),0(X). It is not only the first detailed 
geological map of New Mexico, but the only one which gives a 
rational classification and exact distribution of the rocks even 
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though more than thirty years have elapsed since its publica- 
tion. The Mesozoic fossils are represented on five plates, well 
executed, and they are described under the names oi'.Ptycko- 
dus whipplei, Ammonites shtimardij Am. helknapiiy Am, 
peruvianuSy Am. gihhonianus^ Am. novi-mexicaniy Hamites 
fremontij Inoceramus lerouxi^ Isocardia washita^ Oryphwa 
sinuata var. americana, Onjphosa pitcherij Holaster com- 
anchesi, Oryphasa dilatata var. tucum^carii^ and Ostrea mar- 
shii. (5) "Letter on some points of the geqlogy of Texas,New 
Mexico, Kansas and Nebraska," Zurich 1858. And finally (6) 
"Une reconnoissance gdologique au Nebraska." (Bull. Oiol* 
Soc. France^ vol. xxi, pp. 121-146, Paris, 18 Janvier 1864). 

Now let us give by order of dates the classifications of the 
geologists who have succeeded me, covering either partly the 
ground traveled over by me, or who without going at all into 
the field,have,however, expressed their views on the classifica- 
tion of strata and on Mesozoic fossils found in the same area 

1857, Hall. — Mr. James Hall, after having in his hands 
without my consent or even knowledge, my specimens,* and 
my field-notes book, besides making use of my general 
geological map of the United States, with the geological sec- 
tion from the Mississippi river to Los Angeles, and the plates 
of Mesozoic OstracecBj came to the following conclusions, 
which he recorded first in 1856 (PaciAc railroad explorations, 
4to edition, vol. in, chapter ix), and second in 1857 {Mexican 
boundary survey, vol. i, pp. 135-136.) Here is his table of 
classification : 

II. — Table showing the order of succession and classification of the 
Mesozoic serien of Texas, the Indian territory and New Mexico, by 
James Hall, 1857. 

Tertiary formation. 



Cretaceous 
formation 

of 
Nebraska. 



Upper 

and 

Middle 

Cretaceous. 



v^. Arenaceous clay=Fox Hill group.* 
rV. Plastic clay=Fort Pierre group. 
III. Calcareous marl = Niobrara division. 
II. Clay=Fort Benton pronp. 



Lower 
Cretaceous. 



I. Sandstone and clay=Dakota group. 



Carronifsrous formation. 



♦ They wereplaced in his hands by order of the Chief of Engineers, 
through Mr. W. P. Blake.— [Ed.] 

* In 1861 , Meek and Hayden applied geographical names to the 
varions divisions, retaining, however the original numbers. {Proceed. 
Acad. Nat. Set., Philadelphia.) 
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If we compare this table with table I, we see that Mr. James 
Hall has placed in his Lower Cretaceous No. I~ Dakota group, 
all the strata above the Carboniferous system, recognized by 
me in 1853 as belonging to the Neocomian, the Jurassic sys- 
tem, the Triassic system and the Dyassic (Permian) system; 
nullifying all the stratigraphy, the lithology, and what is worse, 
also the palceontology. 

It is a mistake similar to that of placing 25,000 feet of pre- 
Potsdam strata, called Taconic system by Dr. Emmons, in 
parallelism with the Hudson River group and the Oneida con- 
glomerate ; Mr. Hall going so far as to use the same expres- 
sions of "unquestionable," "unequivocal,"appliedinboth cases 
to fossils and series of strata, which he tried to suppress. And 
in order that no equivocal understanding may be applied to 
his classification, he has colored on a geological map entitled : 
"Map illustrating the general geological features of the country 
west of the Mississippi river" all the road explored by me from 
Delaware ridge (Indian territory) to the Tucumcari area (New 
Mexico) as covered only by the Dakota group or Lower Cre- 
taceous No. I, which singularly enough does not exist there in 
a single spot. 

That classification has been accepted, defended and used in 
papers, in manuals and in geological maps until 1887, hy 
Messrs. J, D. Dana,' Meek,- W. P. Blake,' the two brothers 
Drs. Shumard,* C. H. Hitchcock,* R. H. Louhgridge ^ and W. 
J. McGee,' An extensive literature based on it exists, of which 
I give here only a small portion. 

The determination of my Mesozoic fossils by Mr. Hall has 
been accepted, defended and used in all the palseontological 
pu)H^rs« or stratigraphical papers in which lists of fossils have 

^ .lw4rr. Ji\ Set. vol, XXVI ami xxvn» 1858-55>. Manwd of Geology, 

* /Svv^?. Aciiii. .V<il. -Sci.. Phihult^lphia, IS67-^. 

* Am^r^ Ji\ <\Vi\, vol. XX 11. 1856, PaciHc railroad explorations, 4to 
tsHtuMt. vv>I. m. and vol. u, l&i>6. 

* AVrv<%* fSffH^r^ of the gfi^rxiphiK^al sunrey of Tfsas^ 1859. TVaiw. Acad. 
>V»\.vN'r Louis, fSt^V^I . .1 f^irikal report of the geology of western Texas, 
.\UvHtin, Iv^ti, eU'., t>U\ 

M»^v« \;»i'tii map i»/ the rnitexi Sta!ef, compiled for the 9th census, 
tsri\ iU\U\:iK\il iHiip of the I'nited Stixtes and part of Canada, compiled 
um iho Aiuor institute* of miiuii^ enjriuei^ns, ISSO, etc. 

* VceJA K\n*ns. t^riH^rt om <^•<^»^i t>r\M*i«i^u>N in the Cniied States, 18S4. 
M<iv i't' t\e r.aW vS'tuV* exhibiting the p^ese^it status of knoviedge 

•*«;>;<•< » ^^ tW s%rif\kiiiistrit*ii:%K^n\^f [ft\H^^e groups, l^S4. (fVfiX .4mii. Rep, 
(\ S, <i<\^L *urtvji\^ 
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been given, until 1887. And more, until now, it has been the 
custom among palaeontologists to quote all the fossils de- 
scribed and figured by their predecessors ; but an exception 
has been made for me, and Dr. Benjamin F. Shumard, F. B. 
Meek, and Dr. Charles A. White have simply passed over my 
palseontological work on the Mesozoic fossils of Texas and 
New Mexico, as if it did not exist. Dr. C. A. White goes so 
far in his "Review of the fossil Ostreidse of North America" 
{Fourth Ann. Rep. U.S. OeoL survey j 1884), as to give as a 
new species, under th^ name Exogyra walkeri, an enormous 
GryphoMy the largest existing in America, which I have 
described with a splendid figure as Gryphasa sinuata var. 
americana^ thirty years before him ; and he adds that the 
G.pitcheri described by Morton was originally discovered in 
the Cretaceous strata of New Jersey, contrary to the printed 
opinion of Dr. Morton and where the G. pitcheri does not 
exist. Finally on plate xux, he gives Fig. 3, the lower valve 
of my G. dilatata ^Ihr. tuoumcarii as belonging to the 
G. pitcheri, thus adding to the confusion introduced by the 
determinations of Mr. Hall. The only geologist who has 
quoted my Mesozoic fossils of Texas, is professor Robert T. 
Hill, in his paper : "The Texas section of American Creta- 
ceous" (Amer. Jr. Sci.^ vol. xxxiv, 1887) and he, probably 
misled by the determination of Mr. Hall, has confounded the 
G. dilatata var. tucumcarii with the G. pitcheri; and the 
Ostrea marshii with the Ostrea suhovata; only now, after a 
visit to the Little Tucumcari mountain, in September, 1888, 
he is convinced that the Gryphon tucumcariiy is an entirely 
difierent species from the Gryphcea pitcheri, and was rightly 
referred by me to the Jurassic type of Gryphcea dilatata. As 
the main part of the controversy and the principal ground 
for the rejection by Mr. Hall and his associates of the exis- 
tence of the Jurassic system at the Tucumcari area is based 
on the erroneous identification of the Gryphwa tucumcarii 
with the GrypJuBa pitcheri, I shall quote Mr. Hall's own 
words : 

"In a section of Pyramid mount given by Mr. Marcou {Bul- 
letin Soc. GeoL de France, tome xii, p. 878) he recognizes a 
series of sandstones and clays beneath limestones, which are 
of unquestionable Cretaceous age. 
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"The explanations of the section quoted above are those 
given by Mr. Marcou. The designations at the right handare 
those given by him in the text accompanying the section." — 
The designations given at the left hand are those given by 
Mr. Hall (Mexican boundary line, p. 135, vol, i, Washington, 
1857). 

Mr. Hall adds, p. 136 : "Having examined the specimens 
in Mr. Marcou's collection from this locality I have no hesita- 
tion in saying that the specimens labelled by him as Oryphma 
tucumcarii ( G. dilatata var. tticumcarii, jBuil. soc. geol. de 
France, tome xn, pi. 21) are the Qryphaa pitchert of Morton 
and present do features either in formE,characters,or condition 
of preservation, or othernise, which can serve to distinguish 
them from Qryphaia pitcheri, in the boundary survey collec- 
tions, from strata fornnng a continaation of the Llano 
Estacado." 

Mr. Hall has figured and described my specimens from 
Pyramid mount, and from Comet creek, in PaciiiG. R. R. 
explorations, vol, m, pp. 99-100. The 6. tucumcarii figured 
was chosen from some rolled and badly preserved specimens; 
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and notwithstanding this it has absolutely nothing in com- 
mon with the 0. pitcheri figured on the same plate. The 
description is inexact and fails completely to give an idea of 
the fossils : and besides the assimilation that Mr. Hall 
attempts to make with the 0. vesicularis of the white chalk 
is as faulty as it is possible to imagine, for the two Oryphcea 
have no resemblance whatever. 

As to the Oryphcea pitcheri which Mr. Hall calls var. 
navia, it is the true 0- pitcheri of Morton and Bcemer, found 
by me at Comet creek near the False Washita river. Mr. Hall 
has copied on his plate the figures of my plate of the Bulletin 
sac. geol. de France^ and he was plainly so little acquainted 
with the fossil that he put fig. 10 as the side view of fig. 9, when 
it is the side view of the upper valve of Oryphma ttccumcarii, 
which has nothing to do with the Comet creek specimen. Mr. 
HaU is also incorrect in the locality given (PaciAc i?. R. 
explorations^ vol. in, p. 100), saying: "The same {6. pitcheri 
var. navia) has likewise been brought from numerous other 
localities in the west." That 6^ryjE>A(Ba has actually never been 
found in the west, and the numerous palseontological publica- 
tions of Meek do not make any mention whatever of its exis- 
tence in a single western locality. It was never found outside 
of the Indian territory and Texas, and last year only in south- 
ern Kansas, which seems to be its northern limit. 

One example, among many which could be quoted, will 
show the influence exercised by the erroneous determination 
of my Jurassic fossils of the Tucumcari area by Mr. Hall : 
"Although some of the strata which Mr. J. Marcou described 
as Jurassic and Triassic are, perhaps, of that age, still he 
based his conclusions chiefly upon fossils which have since 
been recognized as Cretaceous forms." {Explorations across 
the Great Basin of Utah in 1869, Simpson. Geology by H. 
Engelmann, p. 274, Washington, 1876). 

Everything is so inaccurate in Mr. Hall's identifications, 
descriptions and figures that we are driven to the conclusion 
that his knowledge of the genus Qryha&a is well nigh a blank, 
as well zoologically as geologically. 

1858 AND 59, Newberry. — In 1858 Dr. J. S. Newberry made 
a reconnoissance in New Mexico which touched my road of 
1853 from Aztec Pass in Arizona, to Pecos village. Here is 
the r^sum^ of his classification : 
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III. — Table showing the order of Baccession and classification of the 
Mesozoic series of Ijlew Mexico, by J. 8. Neifrberry, 1858. 

Upper Cretaceous of the white mesa, Moqui country. 

Lower Cretaceous=Dakota group or Lower Cretaceous 

No. 1. In it at Moqui village, Dr. 
Newberry says that he found the 
Gryphaa pitcheri of the Neocomian 
of Comet creek and fort Washita 
(Indian territory). 



Cretaceous. 

SYSTEM. 



Dr. Newberry declares that there is no Jurasiic system on the route 
followed bv Mr. Marcou from Zuni to Pecos village. But at the 
Mo()ui Pueolo— not visited by Marcou — he found a lignite or coal bed, 
which he is inclined to consider either as Jurassic (?) or Upper 
Trias. (?) In his sections and on the geoloKical map, that lignite bed 
is included in his division of "Variegated marls." 
^^™— '~^"^"~™*— ~" ^"^"^ > ■ 

Tbias i Variegated marls of the Moqui country, comprising the 

(in nart) 1 Sf^^^^rous sandstone and Salt ^oup of the fortDefiance 
^ '• ( country and of the vicinity of Fecos village. 

Red sandstone formation and Magnesian limestone of 
Mr. Marcou, at the crossine of the Rio Colorado 
Chiquito. Blood red and yellow marble of Cascade 
river, called Permian by Mr. Marcou. (I never saw 
Cascade river. — J. M.) 



PsBliUAN 

or 
Tbias. 



Carbonifbbous systbm, at Cascade river. 



The geological report of Dr. Newberry is published in the vol- 
ume of the "Colorado exploring expedition," Lieut. J. C. Ives, 
4to, Washington, 1861. It contains three plates of fossils and 
two geological maps. In the geological map No. 2, Dr. New- 
berry not only suppresses the Dyas (Permian), which he ad- 
mits in a certain degree in his report, but he also colors as 
Carboniferous a large area of Trias, from Big Dry Fork to Cas- 
cade. He colors the Trias on only half the area it really oc- 
cupies there, and as I colored it on my geological map of 
New Mexico of 1853, and on my general geological map of 
the United States of the same date, and finally Dr. Newberry 
colors on his map No. 2 as Cretaceous, not only the Creta- 
ceous beds there, but also all the Jurassic system and all 
the Keuper of the Triassic system, which covers large areas 
between Moqui and Zuni. 

Dr. Newberry has "failed to recognize the Jurassic forma- 
tion in any of the localities where it has been said to occur" by 
Mr. Marcou,referring it to the Cretaceous of the upper Missouri 
valley or marly chalk (Turonian) **the Triassic formation of 
Mr. Marcou" is so much reduced, that its thickness is only 
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half of what I said it was ; and as to the recognition of the 
Bunter sandstein, the Muschelkalk and the Keuper, Dr. New- 
berry said, whether those three formations "will ever be fully 
identified in New Mexico, I regard as doubtful." 

So that Dr. Newberry in his exploration of New Mexico of 
1858, five years after my exploration of 1853, and with all my 
publications available, did not recognize the Dyas (Permian), 
admitted reluctantly half the thickness of strata which I have 
referred to the Triassic, did not recognize the Jurassic system 
at a single place where I had located it, and finally recorded 
the existence of the Orypha&a pitcJierV of the Indian territory 
and Texas, at Moquis Pueblo, at Cafioncito Bonito, at Covere 
and on the bank of the Rio Pecos, which if it had been proved 
correct by the numerous explorations made since, would have 
shown that Dr. Newberry had discovered the Neocomian in 
New Mexico. 

(TO BE CONTINUED.) 



OLACIATION OF MOUNTAINS IN NEW ENGLAND AND 

NEW YORK. 

By Wabrem Upham. 
Read before the Appalachian Mountain Club, April 17, 1889. 

I. 

Mountains have special interest for the glacialist in their 
testimony of the direction of the currents of the ice-sheet and 
its maximum thickness ; and nowhere are mountains more 
instructive in this respect than in New England and New 
York. If we include also northeastern Pennsylvania, we find 
here the only summits that stood above the surface of the ice- 
sheet on the north-eastern part of this continent, excepting 
that in northern Labrador, adjoining Hudson strait, moun- 
tains similarly rose above it. The top of Katahdin, of Mt. 
Washington, and of the Adirondacks projected above the ice 
during the greater part of the epochs of glaciation, but, except- 
ing Katahdin, were wholly covered when the ice attained 

^ Professor Robert T. Hill has proved since 1886 that the original 
Oryphxapitcheri is the most characteristic fossil of the Neocomian of 
Texas. Lately, January 1889, professor Francis W. Cragin has recog- 
nized the Neocomian, characterized by the original Gryphssa pitcheri 
at Belvidere (Kansas), on Medicine river, south of the Great bend 
of the Arkansas river, and has traced it even as far north as McPher- 
son county, north of the Arkansas, which is the northern limit of 
Gryvhxa pitcheri and of the Neocomian (Bulletin Wctshbum college, vol. 
II, Iso. 9, p. 35, Topeka, Kansas). 
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its greatest depth. That this is true of Mt. Washington is 
shown by rare transported bowlders found by professor C. H. 
Hitchcock on this highest summit of the White mountains, 
6,293 feet above the sea. 

In the Ice Age, the latest completed period of geologic his- 
tory, the climate of the northern half of North America be- 
came very cold, with so much precipitation of snow that the 
summer's heat was not sufficient to melt it. The depth of the 
snow therefore slowly increased from year to year, until its 
lower portion became changed to ice by the pressure of its 
own weight, as glaciers are formed in the Alps, and as an ice- 
sheet now covers the interior of Greenland and another sur- 
rounds the south pole. In our country the southern limit 
of the ice-sheet in its maximum extent reached firom Nan- 
tucket, Martha's Vineyard, and Block Island westward along 
the terminal moraine, which is commonly called the backbone 
of Long Island, across northern New Jersey and Pennsylva- 
nia, southern Ohio, Indiana and Illinois, central Missouri, 
and northeastern Kansas ; thence it extended northwestward 
through Nebraska and Dakota ; and from the vicinity of Bis- 
marck trended again westward through northern Montana, 
Idaho and Washington. 

North of this boundary the land was deeply covered by ice, 
as is known by its transported boulders and drift, and by its 
striffi, which are furrows and scratches engraved on the bed- 
rock over which the ice moved, as fragments of stone frozen 
in the bottom of alpine glaciers wear the underlying rock 
surfaces. Toward the northeast from Nantucket and cape 
Cod this ice-sheet probably terminated on the remarkable sub- 
marine plateaus known as the Fishing banks ; and on the 
west it pushed into the edge of the Pacific, across the islands 
that border the coast of British Columbia and Alaska. About 
a quarter part of the United States, the entire Dominion of 
Canada, the area of Hudson bay, and probably much of 
Alaska and of the large islands in the Arctic sea between the 
mouth of the Mackenzie and Baffin bay, were wrapped in a 
sheet of ice, which was replenished by the yearly snow-fall-and 
was caused, by the pressure of the vast weight of its central 
portion, to flow slowly outward on all sides. Its greatest 
depth, estimated by professor Dana to have been about two 
miles, was on the highlands between the St. Lawrence and 
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Hudson bay, as is indicated by the general divergence of 
striffi and dispersal of drift from that region ; but a nearly 
equal depth of ice seems to have extended thence westward to 
lake Superior and over the area of James bay and the south- 
ern part of Hudson bay to the vicinity of lake Winnipeg and 
Reindeer lake. 

Similarly, northwestern Europe was covered by an ice-sheet 
which moved radially outward in all directions from the 
mountains of Scandinavia, extending southeast and south over 
about half of Russia and Germany, and southwest across the 
area of the North sea to Britain, where the mountains of 
Scotland, Wales, and Ireland, were smaller independent centers 
of glacial outflow. Farther to the south, a large area in the 
Pyrenees, and a still larger district in the Alps and adjoining 
country were covered by ice. In North America, likewise, the 
Rocky mountains and the Sierra Nevada bore glaciers of great 
extent along a distance of several hundred miles south of the 
continental ice-sheet ; but no such local glaciation is known 
along the Appalachian mountain belt south of the general 
boundary of the drift. 

Alpine glaciers are wholly inadequate to give a mental 
picture of the North American And European ice-sheets, 
though they suggested to Louis Agassiz fifty years ago the 
grand generalization that the drift of these northern countries 
was formed by land-ice covering continental areas, as the 
ancient glacier of the Rhone poured westward from the Fins- 
teraarhorn, the Jungfrau, Monte Rosa, and Mont Blanc, 
across the great valley of Switzerland where now are the 
lakes of Geneva and Neuchatel, to the Jura range on which 
its immense bowlders are stranded. Even that former exten- 
sion of ice from the Alps was small in comparison with the 
ice sheet of northwestern Europe, which stretched 2,000 miles 
from west to east, with a maximum width of 1,500 miles; 
and the North American ice-sheet had far greater extent, 
reaching 4,000 miles from Newfoundland and Labrador to the 
Pacific ocean and Alaska, and from the Ohio, Missouri and 
Columbia rivers to the Arctic ocean. The only similar tracts 
of ice now existing upon tlie globe are the Antarctic ice-sheet 
and that which occupies the interior of Greenland. 

Around the south pole an ice-sheet extends outward on all 
sides, to an average distance of 1,000 miles or more from the 
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pole. It ever3rwhere terminates in the sea, and, because it is 
lifted up by the ocean and broken into bergs, its margin has 
the form of a vertical wall, along which Sir J. C Boss sailed 
four hundred and fifty miles, finding only one point sufficiently 
low to allow the upper surface of the ice to be seen from the 
masthead. There it was a plain of snowy whiteness, reaching 
as far as the eye could see. 

In Nordenskiold's journey on the ice-sheet of Greenland, to 
the east from Disco bay, he found that its surface rose to a 
hight of about 2,500 feet in a distance of fifty miles ; to 5,200 
feet, or nearly one mile in a hundred and sixty miles ; and to 
6,465 feet in three hundred miles. The average ascent of the 
ice surface in the first fifty miles, including the more rapid 
rise near the margin, is about fifty feet per mile, or slifghtly 
•more than half of one degree ; in the next hundred and ten 
miles it is about twenty-five feet per mile ; and in the remain- 
ing hundred and forty miles, lying near the center of Green- 
land, the ascent is only nine feet per mile. 

On the Antarctic continent (if it be not a group of islands 
united by the ice-sheet) the volcanoes Terror and Erebus, 
seen in eruption by Ross, rise to bights of about 10,000 
and 12,000 feet. The greater part of Greenland has no moun- 
tains of similar hight, and after ascending upon the border of 
the ice-sheet, which is reached at the head of the fiords not far 
back from the coast, occasional ridges and hill-tops are found 
rising out of the ice during the first day's journey upon it, 
beyond which there is a slightly undulating expanse of ice 
and snow, appearing in a broad view as level and illimitable 
as the ocean, and bounded only by the encircling smooth 
horizon. The surface of this ice-sheet in its central part has a 
similar altitude with the highest mountain summits of New 
England and New York, and it overtops the most elevated 
points of the land on which it lies. 

Such too was the ice-sheet of the northern United States 
and Canada, whose border covered the northeastern part of the 
Appalachian mountain system, from northern Pennsylvania 
to where the headland of Gaspe projects into the gulf of 
St. Lawrence. Within this area five prominent mountain 
masses deserve special consideration in respect to their glaci- 
ation : namely, Katahdin, the White mountains, the Green 
mountain range, the Adirondack group, and the Catskills. 
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We may profitably note in successive order the observations 
which have been gathered concerning the striation and drift 
of these mountains, that we may learn which of them stood 
above the ice as landmarks when it attained its greatest depth, 
and in what direction the glacial current passed over the sides 
of these and over even the tops of the others. All the lower 
mountains and hills of the New England states, and New 
York, and of Ontario, Quebec and the eastern provinces, were 
enveloped by ice, and bear its typical marks of striation and 
deposits of drift from base to summit. 

The descriptions of Mt. Katahdin, or Ktaadn, by Jackson, 
Hitchcock, Packard, and Hamlin, give us very ample and 
clear knowledge of its glaciation. According to president M. 
C. Fernald's determinations, this highest mountain of Maine 
rises 5,215 feet above the sea, and the latitude of its summit is 
45° 53 ' 40 ' '. Its distance north-northwest from the boundary 
of the ice-sheet, which lay probably outside the gulf of Maine, 
was about two hundred and fifty miles. 

Dr. C. T. Jackson's ascent of Katahdin, in the prosecution 
of his labors as state geologist, was accomplished Sept. 23, 
1837, under great difficulties from deficiency of provisions; 
and the top was reached in a furious northeast snow-storm, 
which made it impossible to obtain detailed observations. He 
determined the elevation approximately by barometer, and 
noted important topographic features, the limit of the forest, 
a few of the plants seen at greater bights, and that the moun- 
tain is composed entirely of granite. At that time the drift 
was little understood, though beginning to attract the attention 
of geologists ; and Dr. Jackson expressed the opinion that it 
had passed over this summit.* 

Twenty-four years later, in August, 1861, professor C. H. 
Hitchcock, state geologist, ascended Katahdin, accompanied 
by G. L. Goodale, as botanist, and A. S. Packard Jr. as ento- 
mologist. The party passed along the very narrow, sharp ridge, 
running westward with precipitous descent on each side, that 
joins the peak of Pomola with the east and west peaks, the 
latter of which is the highest point of the mountain. **We 
never imagined," writes professor Hitchcock, "that in our 
New England mountains, localities could be found so nearly 

* Second annual report on the geology of the public lands of Maine 
and Massachusetts, Augusta, 1838. 
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resembling the peaks and ridges of the Andes. Instantly the 
idea occurred to us that such a narrow ridge could never have 
been shaped by drift action. Its sides are coyered with those 
loose angular blocks which frost has removed from the ledges 
but drift has never transported, precisely like the fragments 
upon the top of Mt. Washington above the drift region. We 
searched in vain over all the top of Mt. Katahdin for any 
signs of drift action. There are no striae upon the ledges, 
no smoothing or rounding of the rocks, and no transported 
bowlders anywhere upon the summit. This view is strength- 
ened by the fact that there are no transported rocks in the 
Basin, into which an innumerable quantity of bowlders would 
have been hurled if the drift agency had ever crossed the 
summit. 

"Only one feature appeared favorable to the view that the 
drift passed over the top. The whole of the northwest side of 
the summit appears like one great stoss side, while the lee 
side is very ragged, just as would be the case if the ice went 
over the top. But in answer to this it may be said, this appar- 
ent stoss side is only the natural shape of the mountain, and its 
position accidental. This view is partially confirmed by the 
fact that for a great distance from the summit on the north- 
west slope no ledges can be seen, only the fragments which 
have been loosened by frost. Generally, when ledges have 
been struck by drift, even if the scratches are obliterated, the 
rocks are not so thoroughly split up by frost but that the 
rounded ledges remain very slightly affected. This is certainly 
the case upon Mt. Washington. The drift force seems often 
to have been strong enough to remove all the loose and prom- 
inent parts of ledges, leaving the solid foundation so firmly 
rooted that atmospheric agencies have not yet had time 
enough to break them up. We are fully satisfied that a large 
part of the Katahdin summits have never been swept over by 
drift, even if we must believe that the highest portion has 
been struck."' 

Professor A. S. Packard, Jr, compares the aspect of the top 
cf Katahdin, ''strewn thickly with huge angular blocks broken 
off by frosts from the subjacent strata," with Mt. Washing- 

^ Sixth Annual Report of the Secretary of the Maine Board of Agri- 
culture, 1861. 
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ton and adjacent peaks of the same range, and with the moun- 
tains of gneiss in northern Labrador, near cape Chudleigh, 
which latter in their lower part are rounded and moulded by 
ice, but above present more angular and irregular outlines, 
and are profusely covered with loose blocks detached by frost.^ 
The elevation of the highest part of the coast range of Labra- 
dor, seventy miles south of cape Chudleigh, is estimated by 
Dr. Robert Bell to be about 6,000 feet above the sea ; and he 
states that throughout the drift period its top ^'stood above 
the ice and was not glaciated." ' 

Photographs of the upper portion of Katahdin, kindly sent 
me by Mr. George H. Witherle, of Castine, Maine, show well 
its wonderful profusion of frost-fiven rock fragments, quite 
unlike all the other mountains of New England, excepting 
the higher part of the range that culminates in Mt. Washing- 
ton, whose top will be remembered by all who have visited it 
as having this character. So remarkable is this feature that 
the ledges fractured by frost at the summit of Mt. Wash- 
ington are illustrated in the heliotype frontispiece of Vol. I. 
of the "Geology of New Hampshire." The same condition 
is found by Dr. George M. Dawson on the upper part of the 
Three Buttes, or Sweet Grass hills, in northern Montana, 
which rise 6,200 to 6,483 feet above the sea. These hills stood 
more than 1,500 feet above the surface of the ice-sheet ; for 
they bear bowlders of the glacial drift in abundance up to 
4,600 feet, but no fragments of foreign origin could be found 
more than sixty feet above that hight.* Along the range of 
the Rocky mountains, also, in Colorado, as I am informed by 
professor C. E. Fay, frost-riven fragments generally cover the 
bed-rock on all slopes that are not too steep to allow them to 
accumulate ; and this is finely exhibited in an extensive series 
of photographs niade by Mr. F. H. Chapin, in his mountain- 
eering in that region. 

New England presents three types of mountains in respect 
to glaciation, of which the least frequent is exemplified in this 
district only by Mts. Katahdin and Washington, with neigh- 
boring peaks of the Presidential range, where the surface has 
not been swept by the current of the ice-sheet, or, if it was at 

^ Memoirs of the Boston Society of Natural History, 1865, vol. i. 
'Geological and Natural History Survey of Canada; Report of 
Progress for 1882, 1883, 1884; and Annual Report 1885, vol. i. 
* Ibid. : Report of Progress for 1882, 1883, 1884. 
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one time wholly ice-covered, as is demonstrated for Mt. Wash- 
ington, the time of the glacial envelopment was very brief, not 
sufficing for the removal of the loose masses which have been 
fractured by frost from the underlying rock. The second and 
most common type is represented by Monadnock, where the 
moving ice-sheet has carried away all the rock-fragments 
which before the Ice Age doubtless presented generally on all 
our mountain tops the same appearance as the present sum- 
mits of Katahdin and Washington; instead of which the 
surface is now left bare, and rounded in smooth low hummocks 
of rock on the stoss side, — ^that is, in New England the north 
and northwest side exposed to the glacial current, — while on 
the lee side the slopes are more precipitous and jagged, not 
being deeply worn by the ice, though usually denuded of their 
preglacial frost-riven blocks. A third and infrequent type is 
represented by the northwest slope of Mt. Carrigain, where 
deposits of glacial drift, analogous with the till of lower areas 
cover Ihe bed-rock. 

Many bowlders and small fragments of Oriskany sandstone, 
containing characteristic fossils, were found by Hitchcock, 
Packard, and De Laski,' in the drift on the southern slope of 
Katahdin up to a hight of about 4,000 feet. They were 
derived from ledges that occur on lakes Webster and Telos, 
about twelve miles distant toward the northwest. The cur- 
rent of the ice-sheet is thus shown to have moved from north- 
west to southeast ; and in the transportation of these bowlders 
through so short a distance they were carried upward about 
3,000 feet, passing around the west side of the mountain to 
the slope where they were found. 

Special search for these fossiliferous bowlders is reported 
by professor C. E. Hamlin, in his admir3.ble description of the 
physical geography and geology of this mountain.' He wrote 
as follows : "Outside of the slides, I have never found drift 
upon the flanks of the mountain; but it reappears higher up, 
in very small amount on the Table-Land, but principally upon 
the northern summits, sparsely strewn among the broken 
granite that covers them. Neither on slides nor summits is 
the drift ever found in large bowlders, but always as fragments 

* American Journal of Science, III, 1872, vol. iii, pp. 27-31. 

'^ Bulletin of the Museum of Comparative Zoology at Harvard College, 
1881, vol. VII. 
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of moderate size. On the southwest slide a few masses were 
seen as heavy as a hundred pounds each, but in general — al- 
ways upon the east slide — the pieces ran from a few ounces 
up to twenty pounds in weight. They were chiefly fragments 
of slates and sandstones, identical with the strata of the coun- 
try north and west, mingled with pieces of metamorphic and 
trappean rocks. . . . Among the scanty drift upon the upper 
third of the southwest slide, I have never seen a fossil-bearing 
stone.' And upon those parts of the summits where drift was 
found, only once was a fossil met with, — a solitary brachiopod 
impression on a ten-pound piece of sandstone, picked up on 
the slope northward from West peak to the Saddle, about 600 
feet below the top of the peak, or at an elevation of about 4,615 
feet above the sea. This is by far the highest point at which 
fossiliferous rocks have yet been found upon Ktaadn." 

From these observations it is known that the northern sum- 
mits of this mountain were ice-covered, the upper limit of the 
drift being apparently about 4,700 feet above the sea ; but the 
higher west and east peaks, the sharp serrated ridge, the 
Chimney and Pamola, rising above that hight, appear to be 
destitute of drift, and probably formed an island projecting 
out of the continental mer de glace during the epoch of maxi- 
mum glaciation. If we compare the slope of the surface of 
the ice-sheet with the present sea-level, disregarding the oscil- 
lations of the earth's crust which carried the land to a great 
elevation, as I believe, before the formation of the ice-sheet, 
depressed it while thus loaded, and partially uplifted it again 
after the ice was melted away, the average ascent from the 
glacial border in the Atlantic to Katahdin was about nineteen 
feet per mile. But if the glacial border was indented within 
the gulf of Maine, the slope would be greater, perhaps twenty- 
five feet or more per mile. The greatest thickness attained by 
the ice upon the country surrounding the base of Katahdin 
was about 4,000 feet, or four-fifths of a mile. In other parts 
of Maine the directions of the glacial current, as shown by 
striae and transported boulders, were prevailingly S. S. B., 
with local deflections which bear rarely to the west of south, 
and more frequently to the southeast or almost due east. 
Examples of the courses of striae, from a long list reported by 
C. H. Hitchoock/ are in Fryeburg and Alfred, S. 32^ E. ; in 

^Geolo^ of New Hampshire, 1878, vol. in. These and other bear- 
ings noted in this paper kre referred to the astronomic meridian. 



174 Foraminiferal Origitiy Etc — Hill. 

Cornish and Limerick, S. 22*^ E. ; in Portland, at two localities, 
S. 23° E., and S. Z^ E. , and in Cape Elizabeth township, 
S. 8° W., and 8. V2P and 22° E. On Mt. Abraham he notes 
striation S. 59° E., and on the top of Mt. Pleasant, in Denmark, 
S. 41° W., but on the west side of Mt. Pleasant, near its top, 8. 
31° to 33° E. 

(TO BE CONTIinjBD.) 



THE FORAMINIFERAL ORIGIN OF CERTAIN CRETACEOUS 
LIMESTONES AND THE SEQUENCE OF SEDIMENTS 
IN NORTH AMERICAN CRETACEOUS. 

By Bobebt T. Hill. 

The writer has recently published a r^sum^ ^ of the occur- 
rence of chalk in the North American Cretaceous, and shown 
that in the United State? there were two distinct and long 
continued epochs of subsidence within that period, each be- 
ginning with arenaceous littorals and insensibly gradating 
from them, through arenaceous clay shales, clay shales and 
calcareous shales, into culminating chalk deposits of great 
thickness and extent. 

In the uppermost of these Cretaceous formations, (the Meek 
and Hay den section and its equivalents) the chalky rocks of 
the Niobrara horizon have frequently been noted in Kansas 
and elsewhere. Its continuation and uniformity through 
Texas and into the southwest corner of Arkansas is so appar- 
ent that it need not be discussed here further than to remark 
that it presents nearly everywhere a uniformity of foramin- 
iferal structure. The sediments of the lower Cretaceous have 
been less understood, however. Although strata of pure un- 
changed chalk are occasionally found in them, sometimes 
accompanied by nodules of the most perfect flints, the greater 
part of these limestones, through the changes of time are too 
hard to be longer called of chalky texture. Nevertheless, as 
we shall show, they are of chalky origin.' 

In order to fully determine the origin of these limestones 
the writer has directed a series of experiments in the geologi- 
cal laboratory of the University of Texas. Among these was 
the making of a series of thin sections and microscopical 
examinations of the rocks of all the horizons. None of the 
lower Cretaceous limestones except a few feel of the basal 

^ Vol. n of the Report of the State Geologist of Arkansas, 1888. 
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(Trinity) sands showed brecciate or layers in laminate struc- 
ture, indicative of littoral origin or were accompanied by littoral 
faunas. All the other lower Cretaceous limestones are of a 
massive or pasty texture, unlaminated, and of varying hard- 
ness and purity, and when microscopically examined show an 
abundance of foraminiferal remains imbedded in a calcareous 
(calcite) matrix. 

The foraminiferce always exceeded in number the few 
molluscan remains, which were seldom found, thus clearly 
showing tha^ these rocks are of chalky origin. 

The rocks of one horizon consist entirely of individuals of 
the species Tinoporus texana of Roemer, many of which are 
visible to the naked eye. For this horizon I propose the 
name of Tinoporus chalk. 

The excessive metamorphism which these chalks have 
undergone is due to several causes. In the vicinity of Austin 
and thence southwest to the Bio Grande, it can be attributed 
to excessive plication and igneous contacts. This is well 
shown even where the igneous rocks do not appear at the sur- 
face. In some places, however, as at Pilot Knob, southeast of 
Austin, the chalk of the upper Cretaceous is converted into a 
crystalline marble along the igneous contacts. In addition to 
the two great chalk deposits of the upper and lower Creta- 
ceous respectively, there are but three limestone horizons in 
the entire sedimentation of the two Cretaceous formations of 
the southwest of other than foraminiferal origin, and they 
compose but a small fraction of the entire thickness. The 
lowest of these, as above mentioned, is formed in the basal 
Trinity beds, and consists of fissile-laminated flags, often com- 
posed of shell-breccia, seldom exceeding one foot in thickness. 

Analogous laminated limestone layers occur at the base 
of the upper Cretaceous in the fish bed (Benton) clays. These 
are the only two laminated (shallow water) limestone horizons 
in the immense development of the two Cretaceous forma- 
tions. 

The third kind of non-foraminiferal limestones are segre- 
gations of calcareous matter, in layers or nodules, mostly 
in the uppermost arenaceous or glauconitic beds of the upper 
Cretaceous, as at Bipley, Mississippi, in Coddo creek, near 
Hearne, Arkansas, or in the Ponderosa marls of the Corsicanna, 
or Navarro bed, of Texas. These are formed by .the lixiviation 
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and recrystallization of the calcite of the shells imbedded in 
clays and sands. These beds are always of limited local 
extent and seldom of economic value. The court houses at 
Dallas, Texas, and Washington, Arkansas, are partly con- 
structed of this limestone, but in each case the supply was 
almost exhausted for the building. 

Of the total sentiments of the lower Cretaceous formation, 
aggregating over 2000 feet, 1500 feet are limestone (including 
chalk), all but a hundred feet of which are of foraminiferal 
or semi-foraminiferal origin. Of the 700 feet of limestone 
found in the 2100 feet of the upper Cretaceous formation of 
Texas 600 feet are chalks of foraminiferal origin, while less 
than 100 feet are of the laminated near-shore, or of segregatory 
origin. 

The sequence of sediments in each of the two formations 
can be stated as follows : 

The lower Cretaceous subsidence began with the deposition 
of the Trinity sands, which become more and more calcareous 
towards their top. In these sands are occasional beds 
of limestone of laminated or shell brecciate structure. As the 
sea deepened the clays and impure limestones of the basal 
Fredericksburg were deposited, and these were succeeded by 
the deeper sea chalks, a thousand feet or more of which were 
deposited, under conditions so uniform in an ocean so exten- 
sive, and during a time so long, that there is as yet no per- 
ceptible variation in certain horizons throughout its extent 
from Arkansas to Mexico. Succeeding this chalky epoch 
there is an equally extensive deposition of fine greenish clays 
(the Exogyra Arietina clays of Shumard) which may repre- 
sent a slight elevation of the ocean bottom above the chalk- 
making depths, for they in turn are covered by another slight- 
ly deeper lime deposit, whose continuity was destroyed by 
the erosion of the inter-Cretaceous land epoch and the upper 
Cretaceous subsidence. In the upper Cretaceous the transi- 
tion is from Lower Cross Timber littoral sands (Dakota?) to 
the deeper Eagle Ford clays, and from these by becoming 
more and more calcareous to the Austin-Dallas (Niobrara?) 
chalk, whose 600 feet or more represents another long con- 
tinued epoch, and from chalk to chalky clays again, — and 
after a long continued epoch of these clays, which make the 
Black lands of Texas, to the glauconitic calcareous sand ; and 
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from these to glauconitic sands, the Upper Cretaceous of 
Arkansas, Alabama and New Jersey. In the light of these 
facts, based upon investigations in the typical regions of the 
occurrence of the North American Cretaceous, the two great 
formations of this country can not be considered of non- 
chalky origin, as was formerly supposed from studies based 
upon the uppermost or latest beds of New Jersey and Alabama, 
but each of them culminates in a great extensive, chalky hori- 
zon, gradating into and included between shallower chalk 
marls,^ calcareous and glauconitic sands and other more or 
less shallow water sediments. In other words, in the superb 
Cretaceous exposures of the Texas-Arkansas region we have 
recorded in these sediments of the two Cretaceous formations 
the two subsidences heretofore described, and data for much 
progressive research in the future, and which when applied to 
the more disturbed regions to the eastward and westward will 
be of great assistance in interpreting their structure and 
history. 

EDITORIAL COMMENT. 



SOME RECENT WORK UPON THE CRYSTALLINE ROCKS. 

Prof. Judd has recently published three papers of considera- 
ble geological interest to students of the crystalline rocks. In 
the Geological Magazine (June 1889) he discusses the question 
of metamorphism, insisting on the importance of that phase 
of the subject which he well terms statical metamorphism 
as distinguished from the dynamical metamorphism of Rosen- 
busch. By the former term he means the sum of the changes 
produced in rocks by the included water and gases aided by 
heat and pressure but without movement. The latter term 
comprises the effects of these same agents when accompanied 
with motion. Prof. Judd defines the two classes thus : 

1. Dynamical metamorphism includes : — 

Production of cleavage-structure and jointing. 
Crushing or deformation of included minerals. 
* 'Stretching" of the rocks and production of **mylonitic" bands. 
Changes of various kinds in the constituent minerals of a rock 
without loss of identity. 

' In most of the Rocky Mountain regions and especially in the Trans- 
Pecos and Eagle Pass regions these calcareous marls and sands are 
more consolidated^ probably in places the result of igneous metamor- 
phism. At Eagle Springs, Texas, and many other places they can be 
seen capped by a great rhyolitic mass. 
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Changes of the constitoent minerals with loss of identity (trans- 
formation) into isomorphic forms with unaltered chemical 
composition (paramorphism), or with composition altered 
(metachemism). 

Change of the form of the rock resulting in the development of 
granulitic or schistose structure. 

Prof. Judd remarks on the wide limits in the alteration of 
which minerals are susceptible without loss of identity, twin- 
lamellation, deformation to a system of lower symmetry (as 
orthoclase to microcline), change of the optic axial angle and 
plane, either temporary or permanent by heat and pressure, 
change of color, pleochroism and absorption, of refractive 
index, sign and intensity of double refraction, specific gravity, 
hardness and fusibility, and all these without transgressing the 
limits of specific variation. 

The effects of static metamorphism are then discussed. ^'In 
these cases the most potent agent by which change is effected 
is the penetration of the whole mass of the rock by various 
liquid or gaseous solvents." Orthoclase is chosen as an 
example. This if formed near the surface assumes the form, 
&c. of sanidine, if at great depths those of adularia. These 

under heat and pressure can be further changed as follows : 

Original Form. 
Adularia, Sanidine, 

passes into 
Anomalous orthoclase, Common orthoclase, 

Microcline, Opalescent orthoclase, 

Avanturine orthoclase, 
Iridescent orthoclase, 
Murchisonite, 
Perthite ; 
and further into 
Zeolites, Micas, 

Epidotes, <&c. Kaolinites, <&c. 

Yet further in hypocrystalline rocks under the conditions of 
statical metamorphism the crystalline and stable portion may 
grow at the expense of the unstable vitreous remainder and 
many new and remarkable structures may result. 

In partial explanation of these remarkable mineral trans- 
formations in solid rock Prof. Judd cites the experiments of 
Guthrie showing that "there is a perfect gradation between the 
states of fusion and solution;" those of Spring, Van t' Hoff 
and Reicher provine that pressure can bring the molecules of 
solid bodies sufficiently close to one another to allow the action 
of chemical affinity between them which may even continue 
after the pressure is removed ; and also those of Van der Waals 
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supporting the belief that "all bodies can mix when the pres- 
sure exceeds a certain value." 

This subject has been developed at greater length in one 
direction by the same author in the Quarterly Journal for May 
1889, where he describes a singular example of the growth of 
the felspar crystals (near labradorite) inaporphyriticandesite 
from Dun da Gu ^ in the island of Mull. 

The original crystal was much weathered before its enlarge- 
ment began so that it exhibited cracks, corroded surfaces, 
planes of kaolinization and sometimes actual fracture. The 
added portion and the filling of the cracks show their second- 
ary nature by their behavior under polarized light. "The 
inner and outer parts do not extinguish simultaneously when 
the section is rotated between crossed nicols but after the 
position of extinction of the central core has been passed a 
dark zone makes its appearance around the central mass and 
as rotation goes on this dark zone passes slowly and gradually 
outward through the surrounding fringe." 

That the addition was made at the expense of the unstable 
vitreous matrix is shown by the fact that where two crystals 
touch one another no enlargement has occurred. The change 
in the angle of extinction is so gradual and extensive that 
Prof. Judd says he is led to the conclusion that some of these 
crystals have a fringe of secondary material which as we pass 
outward corresponds to every intermediate stage through the 
andesine and oligoclase series, and sometimes approaches if it 
does not actually reach the albite limit. 

These changes in the constitution of the crystal during its 
successive stages of enlargement are attributed by the author 
to the tendency of the more basic minerals to separate from 
a magma befbre the more acid ones,whereby the lime is grad- 
ually abstracted and the crystal tends to pass from a basic 
lime-felspar to an acid alkali-felspar or even to quartz. 

The sequence of events which in Prof. Judd^s opinion has led 

^ The most enthnsiastic admirers of the Gaelic tongue, even Prof. 
Blackie himself would scarcely recommend it for a universal language 
on account of the simplicity of its spelling. In the paper quoted Prof. 
Judd kindly gives his readers a very necessary key to the pronuncia- 
tion of the names of the places mentioned. Our readers may judge for 
themselves how necessary is this help. 

Dun-da-Gu is spelled Dun-da- Ghavithe. 

Sarsta Beinn *' S'Airde Beinn. 

BeinnUaig ** Beinn-na-Duatharach. 
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to the development of crystals as above described is the fol- 
lowing : 

"The labradorite-andesite in which these crystals occur is 
one of an old series of felstone-lavas belonging to the earliest 
period of eruption in the Mull volcano. The lava-stream was 
exposed to weathering and denudation for a long time, suffi- 
cient to allow the mechanical injury and partial kaolinization. 
Subsequently this old lava was buried to the depth of several 
thousand feet by the later welling out of basaltic and other 
lavas. The consequence was that the mass was placed in con- 
ditions favorable to the development of the felspar crystals 
They renewed their youth and recommenced growth." 

In a third paper fdso in the Quarterly Journal for May, Prof. 
Judd put fort]p[ some results of a long study of the igneous 
rocks of the Western Isles of Scotland. Three principal points 
are insisted on : 

1. That the plutonic, holocrystalline rocks of the Western 
Isles (granites and gabbros) are only the extreme terms of 
two series which pass by almost imperceptible gradations into 
the opposite extremes of volcanic pitchstones and tachylites. 

2. That the enormous sheets of igneous rocks once covering 
this area and now indicated only by scattered outliers issued 
from numerous centers of eruption of which five at least are 
still recognizable at Mull, Ardnamurchan, Rum, Skye and St. 
Kilda. 

3. That these lava-beds and sheets of crystalline rock of all 
kinds are entirely of Tertiary age and of subaerial origin. 

Some of these conclusions will surprise geologists who have 
not followed the course of recent petrological investiga- 
tions. But Prof. Judd's propositions are supported with a mass 
of evidence that carries conviction. As he says : *'The evi- 
dence is irresistible that gabbros graduate insensibly into 
dolerites and dolerites into basalts and basalts into tachylites.'' 
The granites also merge insensibly through ^'granophyric forms 
into acid lavas and pitchstones." 

These gabbros and basalts have been attributed by various 
writers to earlier dates, such as the Jurassic or even to the 
Laurentian, chiefly on the evidence of their composition 
and of their intimate association with the granites whose 
antiquity was assumed. The whole form "one great contempo- 
raneous series of rocks which as a whole overlies and is 
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younger than the secondary strata of the district." But in 
the absence of other evidence such reference was merely 
"begging the question." How far the appearance and structure 
of these rocks fall short of determining their age may be in- 
ferred from the remark recently made by the director-general 
of the geological survey of Great Britain that **he is unable to 
recognize any essential difference of structure or composition 
between the Tertiary igneous rocks and those of earlier geo- 
logical age." 

During the long process of these eruptions occupying per- 
haps a great part of the Tertiary era a gradual change in their 
nature occurred. The early acid ejecta of felstone-forming 
matter slowly but steadily gave place to basic gabbro-forming 
outflows. The former were apparently viscous or quick cool- 
ing lavas and seldom spread more than ten miles from their 
focus. The latter cooling more slowly or being more liquid 
reached a distance of sometimes fifty miles before consolida- 
tion occurred. 

REVIEW OF RECENT GEOLOGICAL LITERATURE. 



Solar heat, Gravitation and Sun-spots, By J. H. Kbdzib. Chicago, 
S. C. Griggs and Go, 1886. 12mo, pp 304, with supplement of 16pp. 

This little volume is an astronomical and physical free lance which 
pierces some of the commonly accepted doctrines or notions concerning 
the solar system which do not bear the application of keen reasoning. 
Its thrusts are not by any means limited to prevalent popular notions, 
but some of the physical doctrines which have been taught by emin- 
ent astronomers, and which are found in our common text-books are 
treated with equal severity. The scope of the book is evinced in its 
title, and the three parts are treated consecutively, bat the treatment 
and the subject matter so shade off from one part to another that in the 
philosophical ensemble there are no breaks. The second and third parts 
are logical portions of a discussion begun in the first part, and the 
value of the whole, no less than its interest to the reader, culminates 
in part three, in which the author offers a simple but plausible explana- 
tion of the existence of sun-spots. 

To the geologist the topics and discussions are important, especially 
to those who inquire into conditions and causes that are not patent to 
sensible apprehension. The author possesses a fertile scientific imag- 
ination, one of the very first qualifications for scientific research and 
discovery. "In so boundless a field as the universe, where the un- 
known bears so large a proportion to the known, and the disproof of 
theories, however grotesque and extravagant, is difficult, the tempta- 
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tion to allow the imagination to ran riot is great. Its value in physi- 
cal investigations canaot be overestimated, yet it should never be the 
blind flounderings of an untaught and untamed imagination, but rath- 
er the advanced thought of clear minds, guided by known principles, 
out-ninning for the time the slower processes of demonstration, but 
always returning to verify preconceived theories by sound reasoning 
or actual experiment." 

The author hinges his reasoning on three i>ostulates, viz. : (1) In- 
finite duration of time in the past. (2.) Infinite extension of the uni- 
verse in space, peopled with suns, worlds, comets and nebulae. (3.) 
Conservation of force or energy. 

The various prominent theories for the cause of the sun's heat are 
briefiy considered and are severally found to be defective and unsatis- 
factory, viz : 

First, The oonflagration theory, is untenable because if the universe 
has existed through past eternity the sun, no matter what his size or 
material, would have been burnt out, or oxidized millions of ages ago ; 
because, also, it is known that the temperature of the sun is too high 
for combustion, and because, further, if it were possible to add millions 
of tons of coal to the sun it would undergo rarefaction instead of con- 
densation, and hence would produce cold rather than heat 

Second, The meteoric theory is brought to encounter nine obstacles 
which are categorically presented, (a) It is unproved, (b) The 
theory indicates only a temporary provision, since the meteors would 
all be absorbed in time by our sun and the other suns, and the solar 
fires would ultimately die out for want of fuel, (c) Owing to the con- 
tinued increase of the mass of the sun its power of attraction would in- 
crease and it would cause the narrowing of the orbits of the planets, 
so that it would only be a question of time when it would absorb the 
earth and all the members of our system, (d) Small meteors, mov- 
ing in regular orbits, according to Newtonian laws, may collide with 
the earth when in nearly the same plane, but it is an impossibility for 
them to bolt from their orbits and fall upon the sun. (e) The theory 
requires the acceptance of the unproved assumption that space through 
which the sun and solar system are moving is filled with wandering 
me'teors — meteors utterly unlike the minute bodies which are unable 
to penetrate even our thin atmospheric envelope, but more nearly re- 
sembling the moon or the inferior planets in size. If such masses are 
falling like hail on the sun, they should fall as thick and fast on the 
earth in proportion to its size, and then the earth would become as hot 
as the sun, and would be in danger of being dislodged from her orbit, 
(f) The efl*ect of a collision of a meteor with the sun can only be 
judged by comparison with such collisions with the earth. Hence the 
collision of a non-elastic meteor with the elastic gaseous envelope of 
the sun might, by the arrested motion, develope heat enough to raise 
the cold mass of the meteor to the same temperature as that of the 
sun, and the temperature of the sun would neither be increased nor di- 
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minished — there would be only an infinitesimal change in the sun's 
path. "Only in the improbable event of the meteor's developing more 
heat than would be necessary to raise its own ^temperature to an equal- 
ity with that of the sun, could it increase the sun's temperature." (g) 
These bodies which are assumed to be continually falling on the 
Bun either float idly in space or belong to some system. They cannot 
belong to our system because it would be impossible for them to leave 
their orbits. Then to what system 7 Could any other sun control 
them within the limits of our sun's force of gravitation? And as to 
their floating idly in space it would be time wasted to point out the 
many absurdities it would involve, (h) Our sense of permanence in 
the order of nature,and faith in the constancy of the sua^is not consist- 
ent with the idea that such constancy depends on the fortuitous meet- 
ing of exactly the right number of meteors of exactly the right veloci- 
ty and size, daily, with the sun. 

Third, The condensation or shrinkage theory , by which it is supposed 
th« sun's heat is due to his '^flagellating himself by the descent upon 
himself of parts of himself," not only has the defect of making the sun 
and by analogy all suns, machines which when once wound up are al- 
lowed to run down hopelessly by enormous emanations given out but 
never returned : but also is self-destructive in that, necessarily, the 
heat that may be produced by the supposed shrinkage would cause at 
once an equal expansion and there would be no contraction, and no 
heat resultant. But the heat emanations from the sun are sufficient 
to heat two billions two hundred million worlds equal to the earth ; 
such a loss, unless suplied ab extra, would cause an appalling rate of 
cooling and condensation which would become visible even within the 
time since man became an astronomical animal. For five thousand 
years his light and heat have undergone no perceptible diminution. 

Fourth, The theory of potential energy, which, while allowing that the 
energy of the sun is being gradually dissipated by radiation, yet asserta 
that "the potential energy of the solar system is so enormous, ap- 
proaching in fact, possibly to what we in our helplessness call infinite 
that it may supply for absolutely incalculable future ages what is re- 
quired for the physical existence of life." We know of no great store- 
house of potential energy. This theory assumes it but does not inform 
us where it resides. The unoxidized matter existing in the sun is al- 
ready too far heated to allow of combustion. 

Fifth, The theory of atmospheric condensation, which is that of W. 
Matthieu Williams, is summarized by Mr. Kedzie in three proposi- 
tions. 1. "That there is a universal atmosphere. 2. That the sun is 
constantly (if I may be pardoned the colloquialism) butting against 
this atmosphere at the rate of 450,000 miles per day. 3. That the com- 
pression produced by the sun's impact evolves the heat of the sun. He 
also deals largely in the rollings, tossings, explosions, dashings, clash- 
ings and flashings of the alternating combining and decomposing gases 
in the son's atmosphere." To this the author brings the following 
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objections : If any chemical changes at all take place in the son's at- 
mosphere (possibly in the outer atmosphere) they result in more con- 
densed substances which on settling toward the sun are again decom- 
posed by the increased temperature, and the heat generated by the 
chemical combination is re-absorbed by the decomposition, and there 
is no resultant general increment of heat in the sun. Again, as to the 
heat generated by the sun's impact on a supposed universal atmos- 
phere, and its being the supply for the heat it radiates into space. Mr. 
Kedzie introduces, after his manner, a quaint but sufficiently conclusive 
illustration, which, to give the reader an idea of the familiar and com- 
monplace reasoning that characterizes the book, it will be well to quote 
entire. "Imagine a concave mirror large enough to enclose the sun 
and his proper atmosphere, — for according to Mr.Williams the sun has 
an atmosphere of its own. Suppose this mirror to reflect, back to the 
sun every ray of heat radiated by him as well as exclude everj' ray ap- 
proaching him from without, the sun's heat would of course remain 
absolutely unchanged. We ignore, for the present, any supposed sup- 
ply of heat by contraction of the sun. Mr. Williams ignores this source 
entirely. Now open the windows of this hollow sphere, l>oth behind and 
before the advancing sun. This hypothetical universal atmosphere 
would of course rush in, and an equal quantity of the sun's atmosphere 
proper would rush out of the windows in the rear. Would this process 
heat or cool the sun ? That would depend wholly on whether the atmos- 
phere of space is hotter or colder than that of the sun. It requires no 
prophet to predict the result. It is believed by all that the atmosphere 
of space, if such exists, is intensely cold. Remove the imaginary hol- 
low sphere entirely, and give the winds full sweep on all sides, and 
the blazing atmosphere of the sun would simply be swept away and its 
place supplied by one colder than the blasts that play around the north 
pole in midwinter." Other equally strong points are made against this 
theory. 

Sixth. Dr, C. W. Sieman^s new theory supposes the exhaustless 
energ>' of the sun to be sustained by a grand endless circulation. This 
consists of the emanation of certain compounds, mostly in a gaseous 
condition, from the equatorial regions of the sun into space. These 
reach even beyond the orbit of the earth. In the interstellar spaces 
these compounds are rarified and decomposed, returning to their ele- 
mentary condition. But they are, in this condition, precipitated again 
upon the polar regions of the sun, where, by recombustion, they give 
out the heat which supplies the sun in perpetuity. Flowing toward 
the equator they are again projected from the sun, in a ceaseless 
round. Mr. Kedzie accords this theory the merit of not violating the 
theory of the conservation of force. It does not require, as nearly all 
others do, the radiation and loss in space of the vast energy of the sun. 
Still he notes the following objections : (a) The existence of an inter- 
stellar resisting medium, or universal atmosphere, other than ether, 
is not yet proved, to the satisfaction of scientists, (b) The dissociation 
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of chemical elements once compounde<^ requires more heat than the 
interstellar spaces possess. Attenuation may favor such decomposi- 
tion, but the requisite degree of heat is totally wanting, (c) The 
degree of heat in the sun is too great to allow the chemical association 
of the gases that this theory supposes are continually falling upon its 
polar regions. The falling gases would cool the sun rather than heat 
it. (d) The chemical composition at the poles, supposed by this 
theory, evolves, of course, exactly the same amount of heat as that 
required for the decomposition of the same substances on their equa- 
torial flight from the sun, and thus adds no heat to the sun, and hence 
can not supply the enormous radiation, to account for which is the 
problem to be solved, (e) "If the vigorous logic of mathematics 
would admit of matter being without weight, or even weighing less 
than nothing at the sun's equator, so that it would actually leave the 
sun for extended journeys through space, this condition would apply 
to all the equatorial matter of the sun, and, through this, to the whole 
body, which is generally regarded as gaseous. We should then have 
the sun himself going abroad in search of fuel to maintain the solar 
fires." (f) According to the reasoning of R. A. Proctor {Eclectic^ July, 
1S82) *Hhere is not the slightest possibility of matter being projected 
into space from the sun's surface by centrifugal tendency," yet this 
tendency for gaseous compounds is the corner stone of Dr. Sieman's 
ingenious theory. 

Seventh. Thompson* i theory of convection currents. This postulates 
an internal circulation in the fluid of which the sun is supposed to 
consist, through which it is kept of nearly uniform temperature con- 
stantly. The cooled or partially cooled surface is immediately replen- 
islied by currents from wuthin bringing fresh supplies of heat. This 
does not profess to supply an indefinite amount of heat, but allows of 
the loss of all radiated heat. It depends on the vastness of the heated 
snn, to furnish heat for so long a period that to our apprehension the 
slowness of the change is such that the change is not perceptible. 
This must fail if either of the following propositions be true. Ist. If 
we have suflicient evidence on which to decide that the sun is not 
cooling at all. 2nd. If the heat given out by the sun is out of all pro- 
portion to the gradual cooling supposed by this theory. The author 
then considers each of these propositions under the caption, Enormous 
amount of heat emitted by the sun, and shows conclusively, by quotations 
from Dr. J. R. Mayer, Prof. Young and Prof. Langley, not only that 
the radiation is enormous but that it is so vast that it would certainly 
be perceptible, without having a replenishment, within the 5,000 years 
that the sun's heat has been observed, amounting to 9,000 degrees 
centigrade. This destroys the theory, since it establishes the second 
proposition and strongly fortifies the first. 

THE author's theory OF SOLAR HEAT. 

Having shown the inadequacy of the principal existing theories the 
author considers himself justified in ofiering another. ''If the theories 
examined are as unsatisfactory to the reader as to the writer, there 
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remains only an aching void for a new one, which it would be unkind 
to withhold, since the material is so abundant, being in most cases 
'such stuff as dreams are made of,' and yet in our day dreams we 
sometimes catch glimpses of thoughts that lead us into the very pres- 
ence of truth." 

The new theory of the author starts with a further i>ostulate, viz : 
light and heat are essential elements of the universe, and their exist- 
ence is not to be explained nor called in question. They are converti- 
ble into all other forms of energy, but they cannot be lost. They can- 
not wander beyond the confines of the universe, for this is boundless. 
The real problem is,How are the light and heat given out by the-sun,or 
an equivalent for the same, reconcentrated in that luminary? 

Briefly stated the author's theory assumes heat as the primal, un- 
specialized, essential condition of universal matter, matter also unspec- 
ialized and nebular. All other forms of energy are modified conditions 
of heat. Heat is converted into light, motions of various kinds, chemical 
affinity, electricity, and even vital energy. Heat as such is constantly 
dying out, but it dies as the seed does on being committed to the ground, 
to reappear in new^ and wonderful forms. Heat that leaves the sun, and 
without doubt also other suns that inhabit space, traveling on the vi- 
brations of the all-embracing ether, cannot dwindle into non-existence 
because if it did the grandest discovery of modern times, the conser- 
vation of force, disappears with it. What becomes of it? The author 
conceives of it as lurking as other forms of force in every part of the 
universe, changed by circumstances sometimes to mechanical force 
(or gravitation), stored up in chemical compounds, or developed into 
electricity, magnetism, or vital energy. It is thus not lost. It returns 
to the sun specialized as mechanical force, electricity, etc. **He sends 
it forth again in the general unsifted form of radiant light and heat." 
The ethcral ocean is full of the undulations of heat, or the elements of 
heat, passing in all directions from sun to planet and to distant suns. 
The suns supply the ether, and the ether supplies the suns. *' Since 
the dawn of creation heat has been undergoing transformations and 
retransformations, but neither annihilation nor re-creation.*' It is 
diffused in all directions, as well toward the suns as from them. 

fro BE CONTINVED.] 

Les geologues et la geologic du Juraj juttqiVfn 1870. Par Julbs Mab- 
cou. (Ext. des Mem. de la Soc. d'Emulation du Jura, 1889. These 
memoirs, comprising only the creative period of the geology of the Ju* 
ra, extend only to the year 1870. They detail some of the personal 
labors and intercourse of M. Marcou with Dr. Germain, Pidancet, Thur- 
mann, Pictet, Dr. William Roux, Agassix, Fraas, Lory and others; 
specifying the various advances in the knowledge of the Jura wrought 
out by their joint labor. It also contains a chronologic review of the 
earliest geological work on the same, beginning with that of Charbaut 
in 1818. 

First report on the Iron mines and Iron ore districts in the state of New 
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York. By John C. Smock, (Bui. N. Y. State Mus. No. 7, June, 1899, 
Albany). In the paleontologic and stratigraphic geology of the state, 
New York has taken the lead of all the States of the Union ; but in 
keeping the world acquainted with her natural resources, so far as they 
spring from the rocks, she has been as markedly delinquent. In some 
of the annual reports of the original survey of the state, and also in the 
final quarto volumes, particularly those of Emmons, Beck and Mather, 
the claims of economic geology were kept in view, and very important 
descriptions and records were then put in print which not only show 
their appreciation of the final, as well as of the first and principal, ob- 
ject of such a survey, but present the strongest contrast with the re- 
ports of those who confined their work entirely to the higher and tech- 
nical scientific questions of geology. For a long period of years there 
has been no advance in economic geology in New York through any 
public effort. Paleontology has been prosecuted by the persistent, 
and now successful efibrts of Prof. Hall, till now it may be said that 
among commonwealths New Yor)c stands alone, as an example, not 
only to other states of the Unions, conspicuous among her equals, but 
to the States of longer history across the ocean, in the service she has 
rendered to natural science. 

It is highly gratifying that, through the efforts of Prof. Smock, a new 
departure has been begun at Albany, and that the geologic questions 
that concern the direct products of the rocks, so far as they are em- 
ployed for the comfort and convenience of man, are being inquired 
into and reported to the Legislature. 

This is the second report of this kind that Prof. Smock has made, 
the former being on the building stones of New York. This on the ores 
of the state is not final. Many other things are involved in a knowl- 
edge of the iron ores — questions of their mineralogical and geological 
relations, their origin, their kinds, their impurities and their compari- 
tive value in the furnaces of the iron-monger. Prof. Smock has given a 
sketch of their distribution and some history of each mine and its pro- 
ducts. The work is well begun, but it will be a work of years before 
he will be able to report as thoroughly as he should, and equally with 
the detail that the State of New York has carried forward in the pa- 
leontology of the state. 

• Fossil fishes and fossil plants of the Triassic rocks of New Jersey and 
the Connecticut valley. By John S. Newberry, 1888. 4to, xiv, 152 
pp. 26 pi. $1.00 (U. S, Geol. Sur. Mon. vol. xiv. Washington). This 
memoir mentions twenty-eight species of fish appertaining to the Tri- 
assic of the Atlantic border of North America in strata distributed from 
Nova Scotia to North Carolina, thirteen of them being new. The 
others had been named principally by Redfield, but a few also by 
Newberry, Egerton and Agassiz. Of plants, seventeen species are 
mentioned of which five are by Newberry, and the others by Rogers, 
Schimper, Brogniart, Endlich, Emmons, Saporta, Fontaine and Fr. 
Braun. The geological sketch, which forms the first part of the volume. 
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embraces a valuable brief summary of the geology of the Triassic in 
the eastern part of the United States, but has important correlative 
allusion to that of the central area. From this the following points are 
taken. 

(1) The measures are generally red, and non^fossiliferouSi but in tlie 
Connecticut area include some dark shale charged with carbonaceous 
matter and fossil remains. Dark and dove-colored shales in New 
Jersey also contain fish remains, exhaling a bituminous odor when 
struck with a hammer. In general the principle is stated that the 
general red color in these rocks Indicates the absence of organic mat- 
ter at the time of their formation ; *'for where decaying organic mat- 
ter is present in any considerable quantity it reduces the peroxide of 
iron to protoxide, and makes the color, so far as influenced by the 
salts of iron, gray, green or blue. Where the organic matter is in very 
large quantity it imparts the characteristic color of carbon, and makes 
the shale or limestone which contains it black. 

(2) The plant-bearing beds are the equivalent of the Keuper cRhse- 
tic) or upper Trias, as formerljr claimed by Hitchcock, Emmons, Mar- 
oou and Bunbury, this determination being based mainly on the re- 
searches of Fontaine. Emmons and Marcou, however, believe the 
lower b»*ds to be Permian. 

(3) The Triassic strata underlving the Indian Territory, northern 
Texas, New Mexico, etc., originally extended to the Wasatch moun- 
tains which formed the western shore of the sea in which they were 
deposited, but are mainly without fossils. 

(4) Yet from three localities fossils have been found in them, viz: 
San Jose, New Mexico, the old copper mines above Abiquiu, and Los 
Bronces. on the Yaki river, in Sonora. ''At the first mentioned local- 
ity are foimd Walchia and Calamitea below, which mean Permian, 
and in softer bed^ of sandstone above — doubtless Triassic — impres- 
sions of fern fronds too indistinct for determination." 

(5) The fossil plants in these western localities go far to prove that 
the Atlantic and western Triassic beds are in the uppermost division 
of the svstem. 

(6) The beds containing Jurassic fossils in lUah, Colorado and AVy- 
oming wedge out toward the south, allowing the Dakota groux> of the 
Cretaceous to rest on the upper member of the Trias. 

On the Tertiary and Cretaceous strata of the 7'uflca?oo«a, Tomhigbee 
and Alabama rivers. By Ei:(;kn'k A. Smith and LawrencbC. Johnson. 
Bui. No. 4:5, IJ. S. Geol. Sur. 18S8. 

In the summer of 18S8 a steamboat trip of two weeks duration was 
made from Tnscaloosi down the Tombi^bee river to its confluence with 
the Alabama, and up the latter river to Prairie BlulT, by Dr. Eugene A. 
Smith, of the Alabama Geolojrical Survey and Mr. L. C. Johnson of the 
IJ. S. Geological Survey, at the joint expense of the two surveys. The 
results of the observations made on this two weeks* trip were written 
up by Dr. Smith as a Bulletin, to be published by the U. S. Survey. 
This first report which embodied all that was done by the two Surveys 
jointly, and, with the exception of some observations made by Mr. 
Johnson in Wilcox county, to all which the joint authorship applies, 
was so imperfect and full of gaps, that, at tlie request of Dr. Smith, its 
publication was delayed until fuller imformation could be obtained. 
Accordingly in the summer seasons of 18S4-5 and 1880 the whole ground 
was re-examined by Dr. Smith and his assistants on the Alabama Sur- 
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vey, and observations were extended over all the adjoining country, 
and the proper relations of the river sections were carefully made out, 
photographs for the illustrations were taken, and the whole Tertiary 
and Cretaceous sections were carefully made out and verified. Results 
of the work done by the Alabama survey during 1880 and 1881 and 1882 
were incorporated, so that the present bulletin represents, in addition 
to the two weeks' joint work of the two surveys, the results of six sea- 
sons' summer work of the Alabama Survey alone. It is this later work 
of the Alabama Survey which gives the Bulletin most of its value, and 
has changed it from a very imperfect sketch, to a fairly complete and 
trustworthy section of all the strata of Cretaceous and Tertiary age ap- 
pearing in the vicinity of the two rivers. 

Prof. Tuomey in 185G, coming from the fields of South Carolina, found 
in Alabama the seriefi of rocks identical with those which, in South 
Carolina under the name of Buhrstone, were at the base of the Ter- 
tiary formation. He accordingly considered the Buhrstone as the basal 
rocks of the Alabama Tertiary also. In 1872, Dr. Smith made his first 
excursion into this territory and found that there were many feet of 
strata underlying the Buhrstone. This conclusion was communicated 
to Prof. Heilprin, to whom Dr Smith sent a number of new shells from 
one of the sub-Buhrstone beds, at Wood's Blufi*. Descriptions of the new 
species and a diagram showing, from Dr. Smith's notes, the relations of 
the Wood's Bluflf strata to the Buhrstone, were published by Prof. 
Heilprin in 1880 and 1881. 

These papers of Prof. Heilprin, and his Tertiary Geology y contain all 
that was published upon Alabama Tertiary from the time of Prof. 
Tuomey up to the publication of the present Bulletin, except the 
papers called forth by the curious articles of Otto Meyer, in which the 
attempt was made to throw doubt upon the work of other geologists in 
this field, and to obscure what has long been perfectly well established 
in regard to the stratigraphy of parts of the southern Tertiary. 

The work now under consideration gives the following table of the 

Tertiary and Cretaceous strata of Alabama, with the thickness of each : 

( Coral Limestone (.Vicksb'g ?) 150 
f Upper,White Limestone, -jOrbitoidal ** (Vicksb'g). . .140 

( Jackson, 60 

\f txi^i^ iClaiborne, 140-145 

Middle, JBuhrstone, 300 

f Hatchetigbee 175 

Wood's Bluff 80-85 

Bell's Landing 140 

Lower, Lignitic, \ Nanafalia 200 

I Matthews' Landing and Nahcola. .130-150 

I Black Bluff 100 

t Midway 25 

r Ripley 250-276 

Cretaceous, \ Rotten Limestone 1000 

lEutaw 300 

Cretaceous (?) Tuscaloosa ( ?)1000 

The most important additions to our knowledge of Tertiary and 

Cretaceous geology given in the present work are the carefully meas- 



Tertiary 
(Eocene) 
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ured thicknesses of the various strata, tlie working ont of the snb- 
Buhrstone strata of the Tertiary, and the finding of a great series of 
sandy and clayey beds below the hitherto lowest of the Gretaceons, 
and the discovery and description of the varioos nndalations and 
faults in both Cretaceous and Tertiary strata. 

1. The whole thickness of the Tertiary along these two rivers is 
between 1629 and 1700 feet, of which more than 1000 feet lie below the 
Buhrstone, heretofore considered the base of the Tertiary in Alabama, 
(though not in Mississippi). The thickness of the Cretaceous is over 
2500 feet, of which 1000 feet belong to the Rotten Limestone, and 1000 
to the newly named '^Tuscaloosa" group. 

2. The beds underlying the Buhrstone consist of laminated sands 
with clay partings, clayey sands, lignite and beds of marine shells. 
The shell beds have been used to define the difierent horizons of this 
part of the Tertiary and seven such divisions are recognized and 
described, each possessing some very characteristic features and im- 
pressing itself very markedly upon the soils and the topography of the 
country along its line of outcrop. 

3. A great series of sands and clays, containing, in places,many beau- 
tiful leaf impresBions has been found to occupy, in Alabama, the base of 
the Cretaceous formation. At the time the bulletin was printed, the 
age of these beds was not quite definitely made out, but recently Prof. 
Fontaine has collected in this territory, and has no hesitation in call- 
ing the bods which hold the plant remains, Cretaceous. As yet no animal 
remains have been discovered in these beds in .Alabama, which appear 
to be identical in age and in most of their physical and lithological 
characters with part of the Potomac formation of the states further 
north and east. 

4. Evidences of the disturbance in the Tertiary of the Tombigbee 
river were long ago noticed by Prof. Tuomey. Dr. Smith has found 
that there are two well marked anticlinal folds in the Tertiary, the 
Ilatchetigbee and the Lower Peach Tree folds, and one fault, the Bethel 
fault, with at least 200 feet displacement. It is also shown that the 
strata do not lie in other respects in undisturbed position, for there 
are everywhere very considerable undulations along the direction of 
the strike of the beds. 

Again in the upper beds of the Cretaceous, there are numerous fault- 
ings and undulations, clearly shown in the diagram of the river bank 
below Moscow on the Tombigbee. 

Since the publication of this report Dr. Smith has carried his obser- 
vations of these beds eastward to the Georgia line, and has discovered 
many interesting variations in the characters and thickness of the 
various strata in that direction. These observations will soon be 
published in a report of the Alabama geological survey. 

The report is illustrated by a map (with unusual colors), by a num- 
ber of views taken from photographs, and by a great number of care- 
fully drawn vertical sections of actual exposures along the banks or 
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in the near vicinity of the two rivers, which show, when taken to- 
gether, an uninterrupted and continuous view of the succession of the 
strata from the White Limestone at the top of the Tertiary down at 
least to the Tuscaloosa group of the Cretaceous. 

The report also contains a full account of the hihilography of the 
lower Cretaceous formations of North America, by Mr. W J. McGee. 
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1. State and government publications. 

Fossil Fishes and Fossil Plants of the Triassic rocks of New Jersey 
and the Connecticut valley. 1888. By J. 8. Newberry. U. S, Geol, 
Survey, Monograph xiv, Washington, 1888. 4to, pp. 95. Plates 26. 

Annual report, Geological Survey of Arkansas, 1888, vol. iii. The 
geology of the coal regions ; a preliminary report upon a portion of the 
coal regions of Arkansas. By Arthur Winslow, assistant geologist in 
charge, x, 122 pp., 8vo, one map; Little Rock. 

2. Proceedings of scientific societies. 

Remarks upon sedimentation in the Cincinnati group. By Jos. F. 
Junes. BuL Cin, Soc, Nat, Hist, vol. xii. No. 1. April, 1889. 

Notes on the geological relations and mode of occurrence of some of 
the more important economic minerals of eastern Quebec. By. R. W. 
Ells. Trans, Ottawa Field Club, vol. iii. No. 2. Aug. 1889. 

3. Papers in scientific journals, 

Amer, Jour, Sci, July No. A new Erian (Devonian) plant allied to 
Cordaites, Sir Wm. Dawson. Stratigraphical position of the Olen- 
ellus Fauna in North America and Europe. C. D. Walcott. Notes on 
the occurence of Rock in the Absaroka range, Wyoming territory. A. 
Hague. On Allotropic Forms of Silver. M. Caret Lea. The Peri- 
dotite of Pike county, Ark. J. C. Beanner and R. N. Brackett. PI. i. 
On Prevailing Misconceptions regarding the Evidence which we ought 
to expect of former Glacial Periods. J. Croll. Mineralogical Notes on 
Fluorite, Opal, Amber and Diamond. G. F. Kunz. Discovery of 
Cretaceous Mammalia. 0. C. Marsh. Plates ii. to v. 

A ug. No, Earlier Cretaceous rocks of the northwestern portion of the 
dominion of Canada. Geo. M. Dawson. Certain Porphyrite Bosses in 
northwestern New Jersey. J. F. Kemp. Great lava flows and intrusive 
trap sheets of the Newark system in New Jersey. Nelson H. Darton. 
Recent Explorations in the Wappinger valley Limestones and other 
Formations of Dutchess Co., N. Y. W. B. Dwiqht. PI. vi. Notice of 
Gigantic Horned Dinosauria, from the Cretaceous. 0. C. Marsh. 
Discovery of Cretaceous Mammalia. 0. C. Marsh. Pis. vii. and viii. 
Silicic acids. Geo. F. Becker. 
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PERSONAL AND SCIENTIFIC NEWS. 



Henry William Bristow, F.R.S. died June 14 at the age 
of seventy-two. As early as 1842 he was a member of the 
staff of the Geological Survey of the United Kingdom. 
He was the author of various works on geology and mineral- 
ogy ; he wrote the mineralogical articles in Brande's *'Diction- 
ary of Science, Literature and Art" and the articles on minerals 
and rocks in Ure*s "Dictionary of Arts, Manufactures and 
Mines." He was the recipient of honors from several geologi- 
cal societies and from some of the crowned heads of Europe. 

Natural Science in the Davenport Schools. From the 
very inception of the Davenport Academy of Sciences the chief 
object has been the advancement of the public interest in nat- 
ural sciencCjCspecially to secure the most intimate practicable 
co-operation, with the educational system of the city, state, and 
country. To this end it has been the constant effort on the 
part of the Academy to encourage visits of classes and teachers 
with a view of illustrating the subjects at its rooms and of pro- 
moting the introduction of natural science in the school work. 

Recently the Academy devised the plan of a series of visits 
by the several classes of the public schools consecutively 
throughout the year to the rooms of the Academy, under the 
charge of their teachers in each instance, for an illustrated les- 
son on some subject in natural science, the same being contin- 
ued from day to day until all the classes had received this les- 
son in their turn. 

In the city of New York Prof. Bickmore has been successful 
in interesting the authorities of the public schools in the 
American Museum of Natural History, at Central Park, and 
the teachers in the public schools are not only allowed free ad- 
mittance to the collections, but regular lectures are given at 
the museum throughout the year intended especially for the 
qualification of teachers to give instruction in natural science. 
These courses of lectures are largely attended, and have more 
recently extended to other city schools in New York state. 
With this exception the Davenport Academy is so far as we 
know, the pioneer scientific institution in this country to sug- 
gest and execute a plan for thus utilizing its museum and col- 
lections of specimens in natural history, in direct connection 
with the public school, and it seems to open the door to a wide 
range of usefulness for such institutions, and to render such 
collections of a hundred fold more interest, value and direct 
])enofit to the comnuinitv. 

An Immense Deposit of Ice, thought to have its date from the 
glacial period, has been found in Pine Creek canon, Idaho, and 
capitalists are considering the feasibility of mining it for com- 
mercial purposes. 
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THE SUBGENERIC GROUPS OF NATICOPSIS. 

By Charles R. Keyes. 

The described species of Naticidae from the American palaeo- 
zoic rocks number about three score. These have commonly 
been referred to the genera Naticopais^ Platyatoma and 
Stropho8tylu8> The first of these three terms was proposed 
in 1844 by McCoy/ and included shells which had previously 
been assigned to the modern genus Natica. Seven species 
were enumerated under the new title ; but of the accompany- 
ing figures only two showed the apertural characters. In 
America the shells of this group were first recognized by Nor- 
wood and Pratten,^ who described from the Coal Measures, 
Natica ventricosa. Shortly afterward several other forms 
were detected and placed under the same genus. It was then 
found that McCoy's generic term was applicable to the Ameri- 
can forms hitherto regarded as NaticcB. And it has recent- 
ly been discovered that in addition to the species generally 
recognized as belonging to Naticopsia^ the genus should also 
include several other forms now known under other generic 
titles. 

The species that have been referred to Naticopaia appear to 

" Syn. Carb. Fobs. Ireland, p. 33. 
'Jour. Acad. Nat. Sci., Phila., 1865. 
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form at least two and possibly three more or less well defined 
groups. These sections differ so greatly in several important 
particulars that actually they should be regarded as generically 
distinct. Meek and Worthen ', recognizing the fact, proposed 
to establish three subgenera; but their subdivisions were based 
upon surface ornamentation. The three sections were: 
Naticopsia proper ; a group typified by Nerita suhcostata 
Goldfuss, but not named; and Trachydomia, including N, 
nodosa^ M. & W., iV. hollidayi M. & W. wnH Littorina wheel- 
^ri Swallow; besides two European species. In Naticopais 
proper, as represented by the typical forms, and by the major- 
ity of American species referred to the genus, the shells are 
relatively thin ; the spire very short ; the outer lip extremely 
thin and sharp ; the inner lip also thin and slightly depressed ; 
the last volutions generally more or less distinctly flattened 
or concave on the upper half and marked towards the suture 
by numerous small, short, equidistant costse parallel to the 
lines of growth ; the surface otherwise glabrate. In contra- 
distinction the shells of Trachydomia are massive, with the 
spire larger and more elevated ; the outer lip very thick, but 
abruptly becoming sharp; the columella very heavy, the 
calosity thick and greatly extended ; the volutions shallowly 
channeled along the suture; and the surface covered with 
numerous small equidistant nodes. A single North American 
species — Littoi^ina wheeleri Swallow — seems to be referable to 
Trachydomia; the other three forms described under the 
genus T nodosa M. & W., T. hollidayi M. & W. and T 
nodulosa Worthen being at present regarded merely as more 
mature individuals of Swallow's species. A comparison of an 
extensive series shows that within certain limits the shells of 
this group are quite variable. The calosity in some speci- 
mens is much more extended than in others ; while numeric- 
ally the surface nodes vary greatly in different individuals, 
and become much larger and more widely separated as, with 
age, the shell increases in size. 

Another group closely allied to Naticopais is Isonema; the 
type of which now appears to belong to the former genus. As 
originally established by Meek and Worthen * it was regarded 
as a subdivision of Holopea; and had for its characteristic spe- 

' Geol. Surv. 111., vol. n, p. 364. 1866. 
*Proc. Acad. Nat. Sci., Phila., 1866, p. 251. 
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cies jff, {Isonema) depresaa M. & W. Loxonema hellulata Hall 
was also included; and later Meek* added another congen- 
eric form — Isonema humilia. In 1873 Hall and WhitfieW 
figured /. humilis as Naticopaia IcBvia Meek ; the specimen, 
however, was very perfect and exhibited all the generic 
features much more clearly than the type of laonema. Subse- 
quently Meek,^ redefining his /. humilia placed both this 
species and /. depreaaa subgenerically under Naticopaia. Six 
years later Hall ^ made Loxonema hellulata[Iaonema hellulata 
(Hall) M. & W.] the type of a new genus — Callonema, which 
also embraced two additional forms — one originally described 
as a Pleurotomaria and the other as a Platyatoma, Callone- 
ma as thus understood bears only a slight superficial resem- 
blance to the palfleozoic Naticidse, and probably does not 
belong to this family. The two forms that constitute the 
"Isonema'* group are slightly more depressed than the shells 
of Naticopaia generally ; and have the small costse that ex- 
tend a short distance from the sutural line, more lengthened 




Explanation of figures. — Fig. 1. Naticopsis phillipsi McCoy. Fig. 2. 
Trachydomia wheeleri Swallow, enlarged two aiameters. Fig. 3. 
NcUicopsis verUricosa N. & P. Fig. 4. N. (Isonema) humilis Meek. 

^Proc. Acad. Nat. Sci., Phila., 1871, p. 79. 
•23rd Kept. State Cab. N. Y., pi. xii. 
' Palce. Ohio, vol. i, p. 214. 
•False. N. Y., vol. ii, p. 50. 
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than is usually the case. In all other respects the characters 
appear to agree very well with those of McCoy's genus. 

In America there are probably about a dozen valid species 
of Naticopais, the others described as such being identical 
with forms previously known. Natica littonana Hall from 
the Warsaw limestone apparently belongs to the globose group 
of Soleniscus and therefore will stand as S. littonafius. /so- 
nema depressa M. & W. as finally written by Meek himself, 
Naticopsis ( Isonema) depressa^ was preoccupied by Winchell 
for a Kinderhook form ; and it is proposed to substitute the 
name Naticopsis linearis. 



VIEWS ON PRENEBULAR CONDITIONS. 

By Alexander Winchell. 

Geologists interested in the speculative departments of their 
science will be gratified to know the state of opinion concern- 
ing the earliest condition of terrestrial matter on which de- 
ductive reasoning sheds any light. That the matter of our 
planet, in common with that of the Solar System has under- 
gone a physical evolution of the nature first outlined by Kant, 
in 1755, is now almost universally believed by those who have 
based their opinions on a rational examination of the eviden- 
ces. In addition to the familiar proofs, we may mention the 
new and original elucidations of M. Roche, so highly esteemed 
by professor Darwin, and the very remarkable photograph of 
the planetar}' nebula in Andromeda exhibited to the Royal 
Astronomical Society, on December 6, 1888. This is regard- 
ed by professor G. H. Darwin as affording ^'something like a 
proof of the substantial truth of the nebular hypothesis."' 
With reference to the same photograph Dr. Huggins remarks, 
"The stage of evolution which the nebula in Andromeda repre- 
sents is no longer a matter of hypothesis. The splendid 
photograph recently taken by Mr. Roberts^ of the nebula, 
shows a planetary system at a somewhat advanced stage of 
evolution ; already several planets have been thrown off, and 
the central gaseous mass has condensed to a moderate size as 

^Darwin, Phil, Tram, Nov. 15. 1S88. Note added Deo. 19, 1888. An 
excellent engraving from this photograpli was published in Knowledge, 
Feb. 1. 1889, and another on a larger scale Aup. 188t). Both reveal an 
annulated structure in the accompanying smaller nebula? (Added Sep. 
7, 1889. 

^Monthly Notices, Royal Astronomical Society. 
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compared with the dimensions it must have possessed before 
any planets had been formed.' 

The nebulae have long been suspected to belong to the order 
of cosmic existence which served as the starting point of those 
rotations, annulations and planetations which marked the his- 
tory of our system. The constitution of the nebula? and their 
antecedent history, have, however, been involved in great mys- 
tery. The irresolvable nebulae — to which the present reference 
is restricted — have been generally conceived to consist of ten- 
uous matter heated to luminosity. Whether in the condition 
of a luminous gas, or that of a firemist, or that of the rings of 
Satilrn and the matter of the zodiacal light, remained a ques- 
tion. The publication, in 1864, of Mr. Huggins' results of 
spectroscopic studies of certain nebula^,* seemed to demon- 
strate that at least some of the luminous matter of certain 
nebulae exists in the condition of a gas. Hydrogen, it was 
thought, was quite certainly identified, while the brightest line 
in the spectrum was exceedingly close to nitrogen.* Huggins' 
later researches throw doubt on the identification of nitrogen, 
and tend to suggest the presence of lead.® 

While making this brief reference to elementary matters in- 
dicated in the nebulae, it may be stated that Mr. Lockyer, in a 
paper read before the Royal Society in 1887," stated that only 
seven lines in all had been recorded to that time in the spec- 
tra of the nebulae, three of which coincide with lines in the 
spectrum of hydrogen, and three correspond to lines in mag- 
nesium. Dr. Huggins, in his late memoir, has made a very 
critical examination of the claims of magnesium for recog- 
nition in the nebula? and concludes, against Mr. Lockyer, that 
the coincidence of the lines is not sufficiently exact. 

Aside from the identification of substances, the recognition 
of gaseous states of very high temperatures is considered es- 

''Huj'gins, Memoir read before the Royal Society, May 2, 1889. A 
beautiful delineation of the nebula of Andromeda is given by Father 
Secchi in Le Soleilj vol. ii., pl. j. Fig. 2. He remarks, **One circum- 
stance deserves to arrest our attention. Certain planetary nebuhe 
seem to offer luminous points. * * * Meantime the planetary nebula 
of Andromeda presents two spectra superposed'^ p. 464. 

***0n the spectra of some of the Nebuhe." Phil, Trans. y 1864. 

***0n the Spectrum of the Great Nebula in Orion," etc. Proc. Boy. 
Soc. VOL. XX. See the results summarized by Le Padre Secchi, **Le 
Soleil,'' vol. II. pp. 461-466. 

•In a memoir read before tlie Royal Society May 2, 1889. 

^Roy. Soc. Proc. vol xliii. p. 111. 
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tablished. Huggins, Lockyer and others believe that some of 
the matter exists in a state of dissociation. At the same time, 
some of the nebulfie, notably that in Orion, present also, a con- 
tinuous spectrum, as if matter existed in them in a condition 
different from gaseity, though Huggins cautiously suggests 
that under most favorable conditions the continuous spectrum 
may be found to consist of bright lines. The evidence as ob- 
served, however, is in accord with the presumption which may 
be oflfered on other grounds, that matter may exist, in aggrega- 
tions as vast as the nebula}, in all conceivable conditions^niis- 
sociated, gaseous, liquid, and solid ; luminous and non-lumin- 
ous. 

We once felt that in tracing the genealogy of our system tp 
the nebulous condition of matter, we had attained what might 
fairly be denominated a beginning. But as the nebular theory be- 
comes less speculative, the speculative spirit is tempting science 
to inquiries about pre-nebular conditions. If matter was not 
created in nebulae, they have had an antecedent history which 
it remains to disclose by observation and reasoning. If the 
data of science enable us to reason out antecedent conditions 
along a line of evolution, then we may rest in the sure con- 
viction that the nebula itself represents only an ulterior stage. 
Matter was not originated in nebulae. 

The discovery of the cosmic nature of meteorites through 
the researches of Newton, Scbiaparelli, Oppolzer and others; 
the establishment of the existence of meteoroidal swarms re- 
volving in orbits about the sun ; and especially the identifica- 
tion of the August and November swarms with certain comets' 
furnished indications that comets generally are constituted of 
masses of matter analogous to those which reach the earth as 
meteorites. The present writer, as early as 1877, generalizing 
from the recognized facts of meteorites, announced in a public 
lecture reported in the daily papers of various cities, his theory 
of the universality of *'cosmical dust," and its slow aggrega- 
tion into cometary and nebular masses.'^ In a subsequent 

"The writer has given an elementary exposition of this chapter of 
science in "World-life/' pp. 3-28. 

^"It is stated by Mr. Lockyer, that a similar theory was published by 
Prof. Tait in '*Good Words'* ; but of that the writer had no knowledge. 
The coincidence of views, if it exists, must be regarded as lending con- 
firmation to the theory. The late professor R. A. Proctor (in '*Other 
Worlds than Ours," 1870) conceived of the growth of cosmic bodies 
**under the continued rain of meteoric matter;" but his purpose was 
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work, he explained with considerable detail, his conception of 
the mode of aggregation of "cosmical dust" into nebular and 
cometary assemblages." In this he spoke in particular of the 
necessary collisions of constituent parts, the development of 
intense heat, and the formation of an elongated train, in the 
case of comets moving within the Solar System.^' 

This theory of the origin and constitution of comets has 
been heartily endorsed, and discussed with ample learning, in 
a series of papers published by Prof. Lockyer, in Nature, in 
volumes xxxvii, xxxviii, xxxix, but more specifically in the 
latter volume. Here (page 402), he mentions professor Tait, 
and without quoting, explains his views. He says professor 
Tait's researches have not been published in extenso^ but a 
summary of results appeared in "Good Words" "some time 
ago."" These Mr. Lockyer presents in language from which 
the following are extracts : "In the case of comets of but 
small masses, the component materials would be small and 
far apart. * * * While the swarm which builds up the 

to explain the formation of worlds antagonistically to the Kantian con- 
ception, while that of the present writer was to gain a starting-i>oint 
for the unfolding of that conception. Sir William Thomson is said to 
to entertain the opinion that the * 'origin of the planets was through a 
gradual accretion of meteoric matter." 

"** World- Life," 1883, pp. 71-75, 482-3. 

*'^It seems necessary, as will appear, to make special citations from 
the work mentioned. After speaking of the aggre^^ation of nebulse, 
the author continues : '*In the nearer neighborhood of some great at- 
tractive centre, the velocity of one of these swarms is accelerated. Its 
form becomes more elongated. The internal movements of the parts 
become more vigorous, collisions are sharper, and flashes of light are 
evolved, and the posterior train is expanded. Further influence 
exerted by the central body increases all those consequences. The 
head of the swarm becomes permanently luminous. The long gather- 
ing swarm is now a comet" (p. 75). The contingencies happening to a 
cometary aggregation once introduced into our system, are next traced, 
**A cannon-ball moves 1400 to 2000 feet in a second, and yet its impact 
upon a solid body always develops a flash of light. But this velocity 
is mere rest when compared with that of a comet in its flight. Now in 
case of these mutual collisions among the parts of a comet, the veloci- 
ties of some will be accelerated, and those of others retarded. Those 
retarded are liable, of course, to be accelerated again by other collis- 
ions, so that the total amount of motion in the assemblage should 
remain constant, so far as actions in the system arc concerned. Never- 
theless, the changed velocity of a part results in a change of intensity 
of action from witliout,'* etc. Thus, not to quote at length, the comet 
tary aggregation is partly pulverized, and gradually torn asunder — 
disintegrating into the meteoroidal stage (pp. 482-3). These principles 
are applied to the slow contraction of Saturn's rings, and to tlie zodia- 
cal light. 

"From Dr. Croll the writer learns that this was in the volume for 
1875, p. 861. The date of publication does not appear. 
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comet is coursing round the sun as a whole, the individual 
members will themselves gravitate toward each other. * * * 
The stones colliding will generate heat, and some gas will be 
evolved ; some members of the mass will be quickened, while 
other constituents of the mass will be retarded in their motion. 
* * * The result of these collisions would be such a 
smashing up of the constituents of the swarm that much iSne- 
\y attenuated material would be left behind, sufficient to re- 
flect sunlight and to give rise to phenomena of the tair\'* 

Thus the suggestion came into existence that some of the 
nebuhe, as well as comets, are simply aggregations of stones, 
sand, fire mist and gases. This at least, was specifically enun- 
ciated by the present writer. Professor Lockyer inclined to 
adopt such a view of the constitution of nebula^, as is shown 
in the ample and interesting series of papers referred to. In 
one of these he says : "The brighter lines in the spiral nebulte, 
and in those in which a rotation has been set up, are in all 
probability, due to streams of meteorites with irregular mo- 
tions out of the main streams, in which the collisions would 
be almost nil. It has already been suggested by professor G. 
Darwin [Nature volume xxxi, 1884-5, p.25] — using the gaseous 
hypothesis — that in such nebuhv "the great mass of the gas is 
non-luminous, the luminosity being an evidence of condensation 
along lines of low velocity, according to a well known hydro- 
dynamical law. From this point of view, the visible nebula 
may l»c regarded as a luminous diagram of its own stream- 
lines."'^ 

The question naturally arose whether a swarm of discrete me- 
teoric bodies, in an aggregation of nebular dimensions, would 
manifest the behavior of a cooling and shrinking spheroid of 
gas. The essential conception of the nebular theory of the Solar 
system involves an elastic thiid and the conservation of an equi- 
librium figure, while -tlie meteoroidal aggregation presents at 
first vic\v,a discrote condition of solid constituents quite lacking 
tlio (listinguisluiig properties of a Huid. As soon, however, as 
we conceive tlie constituents in a perpetual state of collision 
and rebound, the physical movements of fluid molecules are 
at once suggested, and we perceive that within certain limits 
of distance of tlie meteoric constituents, the meteoric aggrega- 

•*Xiitun\ xxxix, 402. Feb. 21, 1889. 

'■'Nature, Nov. 17, 1837; Roy Soc, Nov. l'>, 1887. 
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tion is essentially a gross fluid, and might manifest the behav- 
ior of a fluid. 

Professor G. H. Darwin undertook the analytical investiga- 
tion of this question/^and in a memoir of extraordinary inter- 
est, established the following conclusions : — As far as frequency 
of collision is concerned, the hydrodynamical treatment -of a 
«warm of meteorites is justifiable; the aggregation may be 
treated as possessing a coefficient of viscosity such that if ro- 
tating, it would revolve nearly without relative motion of its 
parts, other than the motion of agitation ; but in later stages 
the viscosity would be diminished to such extent that the 
central portion would probably rotate more rapidly than the 
outside — as some phenomena suggest to have been the case in 
our system. A further conclusion is, that the larger and less 
frequently colliding meteorites will gradually settle toward the 
<;entre, leaving the smallest and most frequently colliding me- 
teorites — or fragments, particles or molecules — disposed at 
and near the surface, thus creating a maximum density about 
the centre, though its distribution is not according to the law 
of an elastic gas. It is further suggested that in the late 
stages of evolution, the meteors would be mostly absorbed by 
the central sun and planets, that their relative motion of agi- 
tation would be largely diminished, and that they w^ould pro- 
bably move in clouds — "the dust and refuse of the system" — 
with so infrequent inter-collisions that it might not be permis- 
sible to treat the cloud as possessing the mechanical proper- 
ties of a gas. 

A very different conception of the prenebular history of 
matter was suggested by Dr. James Croll, twenty-one years 
ago.'^ This supposes "that our sun was formed from a hot 
gaseous nebula produced by the colliding of two dark stellar 
masses, and that as the stars are suns like our own, tliey in 
all likelihood, had a similar origin." The considerations 

'® His reaulfs are embodie«i in a memoir "On the mechanical Condi- 
tion of a Swarm of Meteorites, and on Cosmogony," read Nov. 15, 
1888, before the Royal Societi/y and published in the' Transact toytSf vol. 
180, A. pp. 1-^0, with notes by the author to Dec. 19, 1888. The w Tit- 
er is indebted to professor Darwin for a copy. 

^'Philosophical Magazine May, 1868. The thought has been several 
times reproduced. ^'Climate and Time" chap. 21 ; (^uarUrhj Jour. Sci. 
July. 1877; P/ji7, Mag., Julv, 1878; '*Climate and Cosmology," chaps. 
XVII, Aviii and xix; "Stellar Evolution," 1889, 12mo, 218 pp*. For the 
last two works named the writer acknowledges his obligations to their 
author. 
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which favor the theory are well set forth in Dr. CroU's recent 
work on "Stellar Evolution." The motion of the colliding 
masses is not supposed to be entirely due to the action of 
gravity — as according to the more recent conception of Sir 
William Thomson.'^ "If the masses were created, they may 
as likely have been created in motion as at rest ; if they were 
eternal, they may as likely have been eternally in motion aa 
eternally at rest. Eternal motion is just as warrantable an 
assumption as eternal matter." "A mass equal to that of the 
sun, moving with a velocity of 476 miles per second, would 
possess, in virtue of that motion, energy sufficient, if converted 
into heat, to maintain the present rate of the sun's radiation 
for 50,000,000 years." 

"The collision of two bodies each half the mass of the sun 
would result immediately in a chaos of fragments. The enor- 
mous heat generated would further shatter and disperse the 
fragments. Much of the matter would be transformed suddenly 
into the gaseous condition. In the course of time, the whole 
would assume the gaseous condition, and we should then have 
a perfect nebula'^ — intensely hot, but not very luminous. As 
the temperature diminished, the nebulous mass would begin to 
condense, and ultimately, according to the well known nebular 
hypothesis^pass through all the different phases of rings, planets 
and satellites, into our Solar system as it now exists." 

Here then, are two distinct conceptions of prenebular his- 
tory : — First, The Meteoric Theory, as reasoned out, it is rep- 
resented, by professor Tait, and independently by the present 
writer, and also, with convincing and admirable fullness,by pro- 
fessor Lockyer; Second, The Impact Theory, of which Dr. 
CrolPs form postulates initial motion and Sir William Thom- 
son's assumes initial rest. Under the first theory, the nebu- 
lar mass undergoes a prolonged aggregation, heat resulting 
from the impact of descending contributions. Under the im- 
pact theory, dark bodies exist in immensity^° whose move- 

^^Saturt', 27 Jan. 18S7;/Voo. Roy. InHitntion^ vol. xii. 

'* Whether **ii ])erfect nebula" is entirely gaseous is the question at 
present in doubt. 

^"Lambert conceived the existence of dark bodies as centres of the 
great cosmic svstenis. ^'Kosmologische Briefe ueV)er die Einrichtung 
des WeltbauH,*' Augsburg, 1761. Newcomb affirms tliat **not the 
slightest eviderce favoring the existence of these opaque centres has 
ever been found.** 
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ments, whether initial or gravitational, bring them occasion- 
ally into collision. 

But there are prenehular inquiries prior to those reached by 
these theories. What was the antecedent history of matter 
which had attained the condition of meteoroidal masses? In 
the work already quoted, the present writer set forth the theo- 
ory that the "universal world-stuff" postulated by Grove, 
Brodie, Hunt and many others, or generalized from the phen- 
omena of meteors, is, in its state of ultimate attenuation, the 
ethereal medium conceived by Newton, Young, Saigey, Mac- 
vicar, Lodge and others.'' He suggested, in other words, that 
out of this semi-spiritual substance may have germinated the 
molecules of common matter, and that the so-called ethereal 
medium may thus have been the ultimate condition of the 
matter of nebulse." Further considerations confirmatory of 
the doctrine of the continuity of planetary atmospheres 
with the interplanetary medium, were based, at a later date, 
on the fact that the gaseous atmospheric constituents fixed in 
coal-beds, carbonates and other forms, during the progress of 
rock-formation have been many times greater than could have 
been yielded by a terrestrial atmosphere of determinate vol- 
ume and mass.'* 

The recent memoir of Dr. Huggins, "On the Spectrum, 
Visible and Photographic, of the Great Nebula in Orion'^'^ is 
thought by some "to go a good way to overturn the views held 
by Mr. Lockyer, and recently advocated by professor Darwin, 
on the meteoric constitution of nebula)." The present writer 
does not share in that impression. Dr. Huggins' researches 
confirm the presence of hydrogen, throw some doubt on the 
presence of nitrogen and perhaps still more doubt on 
Mr. Lockyer's contention for the presence of mag- 
nesium at a comparatively low temperature. Had he 
shown that the nebula is exclusively gaseous, the 

^*Dr. Croll in allusion to this says: ''Professor Winchell has ad- 
vanced views similar to those of Tait and Lockyer regarding the nature 
and origin of nebulae. But he, in addition , discusses the further ques- 
tion of the origin of these swarms." — "Stellar Evolution/* p. 23. 

" World-Life, p. 533, and more specificallv, pt. i. ch. i ^7. 

"A. Winchell, "Secular increase of the £arth*s Mass," Science, ii. 
820-1, Dec. 28, 1883. Chemical Xews, London, March, 1884. 

"**Read before the Jioyal Societtj, May 2, 1889, but not yet published — 
an uncorrected proof copy having been received from Dr. Croll by the 
present writer. 
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showing would have been adverse to the theory of a meteorics 
constitution of that part of the Orion nebula investigated. But 
the spectrum studied chiefly was a bright line spectrum, and 
of course revealed only gaseous conditions of matter. Such 
gases may have been merely an atmosphere bathing other por- 
tions of matter in liquid and solid states. This being so, the 
facts stated are quite compatible with either the meteoric or 
the impact theory of prenebular states. Moreover, Dr. Hug- 
gins himself supplies statements which indicate the existence 
of matter in other than the gaseous condition. He speaks of 
a "continuous spectrum," which, however, he attributes to the 
two of the four bright stars of the Trapezium which fell upon 
the slit. But he detects evidence that the stars belong to the 
nebula^ in the fact that the bright nebular lines crossing the 
steller spectrum can be traced for some little distance into the 
nebula, showing that those stars are not merely optically con- 
nected with the nebula, but are physically bound up with it, 
and are very probably condensed out of the gaseous matter of 
the nebula. It may be mentioned that other nebulae affording 
the briglit lines of gaseity, exhibit stronger continuous spectra, 
while in the nebula of Andromeda, the continuous spectrum 
supersedes that of bright lines. 

This is all intelligible without ignoring the probability of 
pre-gascous conditions, and still more without denying non- 
gaseous matter of pre-gaseous origin, coexistent with a con- 
spicuous amount of gaseous matter. If the meteoric theory 
implies the aggregation of cold stones and sand, it implies 
equally the evolution of intense heat and resulting gases. So 
a nelnila resulting from imi)act of singh^ masses would consist 
similarly of solid and liciuid fragments immersed in a gaseous 
atniosi)here of high temperature. If under either theory, the 
temperature should reduce to a gaseous state, the entire mat- 
tor of the nebula, that would furnish no reason for assuming 
that the nebula had been gaseous from the beginning of its 
existence. 

To the writer, the present state of knowledge seems to jus- 
tify the opinion that some nebuUu exist in a condition entirely 
gaseous, and others in a mixed state, while a few seem to have 
attained throughout, the condition of fire-mist — borne up 
probably, by a faintly luminous residual gas. It seems further, 
to justify the theory that all nebuhe have had a prenebular his- 
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tory — a growth or development from cold, non-luminous states 
of matter. The difficulty of admitting vast, dark cosmic 
bodies, whose existence is entirely conjectural, leads the writer 
to prefer the meteoric theory, which finds the requisite cold 
matter in all-pervading "cosmic dust," whose existence is 
actually revealed in the meteorites which course about the sun, 
and descend in "star-showers" to the planeton whose surface 
we dwell. 
Ann Arbor June 15, 1889, 



OLACIATION OP MOUNTAINS IN NEW ENGLAND AND 

NEW YORK. 

By Warren Upham. 

Read before the Appalachian Mountain Club, April 17, 1889. 

II. 

The most noteworthy observations on the glaciation of the 
White mountains are those of Dr. Edward Hitchcock in 1841, 
marking the upper limit of the usual drift deposits, striae, and 
ice- worn ledges about 1,000 feet below the top of Mt. Wash- 
ington ; and of his son, professor Charles H. Hitchcock, who 
in 1875 found glacially transported bowlders on the very sum- 
mit of this mountain.^ The former wrote of Mt. Washington, 
and the other peaks of this range : **A11 the peaks which I 
ascended are made up of broken fragments of this slate, which 
have been entirely removed from their original position by 
frost, and form sometimes a coating of loose angular blocks 
several feet thick. This is particularly the case upon the 
summit of Mt. Washington, and downward about 1,000 feet; 
but in all the valleys between these peaks more or less of the 
rocks appear in place, and here I discovered many examples 
of embossed rocks. They are, as we might expect, much less 
distinct than in many other places less exposed to decompos- 
ing agencies, and I should probably have passed by them 
without recognition, had I not previously examined many 
other more distinct examples. So far as Mt. Clinton has been 
uncovered, it seems one huge boss more or less rounded. As 
we begin to ascend Mt. Pleasant, the embossed rocks are quite 
distinct ; and here, too, are bowlders most evidently trans- 
ported. Here, too, I discovered striae running N. 30° W., S. 
30° E., corresponding essentially with the general course of 

" Ibid. ; Appalachia, vol. i. 
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strise on the mountains of New Hampshire and Massachusetts. 
. . . Near the south foot of Mt. Franklin is another example 
of the embossed rocks with bowlders. . . . Finally, at the 
south foot of Mt. Washington, near a small pond called Lake of 
the Clouds, is a third example of the roches mautonnSes. It 
is less distinct than at the other localities, as the rock here is 
more broken up by frosts ; still it is impossible for a practised 
eye not to recognize them. And it ought to be stated that 
here it is the northwest exposure of the rocks that has been 
most powerfully acted upon, proving conclusively that the 
force was exerted from that direction." 

Very rare bowlders and small fragments of gneiss foreign to 
Mt. Washington, which in its upper part is andalusite mica 
schist and gneiss, occur above the limit of the ordinary drift 
action, as similar foreign rock-fragments are found very scan- 
tily on the high portion of Katahdin to within 600 or 500 feet 
below its highest peak. But on Mt. Washington the drift 
fragments are scattered thus scantily quite to its summit, near 
which professor C. H. Hitchcock has obtained two bowlders, 
each weighing about ninety pounds. One of these is in the 
museum of Dartmouth college, and the other in that of the 
Boston Society of Natural History. The account of this dis- 
covery, which proves that the ice-sheet at one time overtopped 
even this highest peak of the northern Appalachians, is told 
by professor Hitchcock as follows : — 

*The first suggestion of this novel proposition came to me 
the last day of July, 1875, from an examination of the some- 
what rounded stones of small size lying along the carriage- 
road upon the northeast side of the mountain, about two hun- 
dred and fifty feet below the summit. I stumbled upon two 
bowlders of granitic gneiss foreign to the mountain, — one 
nearly ten, and the other six inches long. This raised the 
altitude at which transported materials existed to about 6,000 
feet. Observation showed that these bowlders came invaria- 
bly from the earth underlying the conspicuous angular d^ris 
common all over the peak above the line of trees. In repair- 
ing the road, the workmen usually dug beneath the surface 
blocks before obtaining a material suitable for their purposes, 
and there always seemed to be a plenty of it. ... I examined 
the excavation made for the road between the house and 
stables, and obtained several small bowlders, four or five 
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inches long, corresponding in mineral structure with the 
ledges in Randolph and Jefferson, twelve or fifteen miles away. 
The general color of the rock is so like that of the mountain 
that one would not perceive the difference between them with- 
out close inspection. The mica is arranged differently in it ; 
The white parts are more abundant, though in fine grains, and 
the rock is evidently the same with the upper member of what 
I call the 'Bethlehem gneiss' in the New Hampshire reports. 
The highest point at which stones of foreign origin were 
obtainable may be twenty or twenty-five feet below the very 
pinnacle of the mountain. Hence it is fair to conclude that 
every part has been covered by the glacial ice. . . . Just 
beyond the signal-station dwelling I found a flat ledge sloping 
a little northwesterly, but precipitous on the southeast. At- 
mospheric agencies have marred the surface so much that no 
strifie are visible, even if they ever existed. I had proposed to 
scrutinize every harder projection of quartz with a lens as this 
course sometimes reveals striation where other inspection is 
unavailing. Were this ledge situated near the Lake of the 
Clouds, where embossment is common, I should point it out 
unhesitatingly as an example of ice-sculpture, though much 
degraded by weathering. The shape agrees with that of thous- 
ands of glaciated ledges in other parts of the state. Other 
ledges on the mountain farther north resemble this one. Inas- 
much as the transportation of materials is clearly proved by 
the presence of the Jefferson rock upon the summit a few rods 
away, it will not be unreasonable to believe that this apparent 
embossment is real. The altitude of the ledge is the same with 
that of the site of the travelled stones. The disposition of the 
large blocks upon the summit is noteworthy. Several acres 
of surface are covered by them far away from visible ledges. 
As you approach a ledge, it is easy to see what fragments have 
been separated by frost action, as the projections match the 
indentations. . . .'* 

Before this discovery, while it was believed that Mt. Wash- 
ington and its neighbors rose above the ice- sheet at its time of 
greatest thickness, professor Dana had computed, from the 
slope of the ice-surface thus known, and from the courses of 
striation and transportation of bowlders in Canada, that the 
elevation of the surface of the ice-sheet over the northern 
border of New England was about 8.000 feet, and over the 
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Canadian watershed between the St. Lawrence and Hudson 
bay 13,000 feet, giving to the ice an average thickness of about 
5,000 feet in the region of the White mountains, 6,500 feet on 
the international boundary, and not less than 12,000 feet on 
the Laurentian highlands.' It still appears to be true that the 
upper limit of the ice-sheet was about 1,000 feet below the 
summit of Mt. Washington during the greater part of the Ice 
Age, and that professor Dana's estimates of the thickness of 
the ice farther north are very probable. There seem to be 
good reasons for believing that the land at length sank be- 
neath this heavy burden ; and to that time I would refer the 
complete glacial envelopment of Mt. Washington, as well as 
the transportation of the highest, very scanty drift on Katahdin. 
This depression of the earth's crust led to changes of climate, 
from the rigorous conditions causing glaciation to mild tem- 
peratures by which the ice was finally melted ; but at first the 
subsidence was perhaps attended by an increase in the thick- 
ness of the ice whose surface may have been maintained by 
the snow-fall during a short time geologically speaking, at its 
former altitude, while the area of the White mountains sank 
the 1,000 feet which would envelope the top of Mt. Washing- 
ton in tlic ice-sheet. The mountain was not thus covered so 
long that the glacial current could sweep away much of the 
abundant frost-riven debris, nor conspicuously emboss any 
projecting knobs of rock, nor bring many bowlders and frag- 
ments of foreign drift. In the two hundred and twenty miles 
from the terminal moraine of Long Island, Martha's Vineyard, 
and Nantucket, north to Mt. Washington, the slope of the ice- 
surface therefore averaged in its maximum, about thirty feet 
per mile compared with the present sea-level and bight of the 
mountain, but was only about twenty-five feet per mile through 
the greater part of tlie glacial period. It is presumable, how- 
ever, that in a process of subsidence of the land only the thick- 
ness of the ice-sheet, and not the slope of its surface, was in- 
creased when the mountain became wholly ice-covered. 

The bowlders found on Mt. Washington were transported 
by a glacial current moving from northwest to southeast, and 
in the distance of probably fifteen miles from their parent 
ledges to the top of the mountain they were carried upward 

'^ American Journal of Science, III, March, 1873, vol. v. pp. 198-211. 
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about 5,000 feet. Some of the courses of strise reported by 
professor Hitchcock on other mountains in New Hampshire 
are as follows : — 

Mt. Adams, west side, at hight of 5,500 feet S. 58° E. 

Near the gap between Adams and Jefiferson 8.33°E. 

Lake of the Clouds intersecting S. 22° E. and S. 52° E. 

Between Mts. Franklin and Pleasant and the same 
between Mts. Pleasant and Clinton S. 30° E. 

Near the top of Mt. Clinton, north side S. 47° to 52° E. 

Mt. Clinton, south peak S. 50° E. 

Mt. Webster S. 30° and 37° E. 

Mt. Wiley, top S. 42° E. 

Mt. Field, top S. 50° E. 

Mt. Field, side towards Mt. Willard S. 37° E. 

Mt. Willard, top S. 23° E. 

Mt. Pequawket (Kearsarge North), two-thirds of the 
way from top to saddle between it and Bartlett 
mountain, at hight of 2,500 feet S. 42° E. 

Mt. Baldface, top S. 23° to 28° E. 

Chocorua, side S. 42° E. 

Mt. Whittier, West Ossipee, top S. 47° E. 

Red Hill, near summit S. 62° E. 

Mt. Prospect, Holderness, summit ...S. 37° E. 

Mt. Gunstock, Gilford, top S. 62° E. 

Teneriffe mountain, Milton, top S. 42° E. 

Pawtuckaway, north side S. 72° E. 

Dixvllle mountain, top S. 54° E. 

Mt. Agassiz, Bethlehem, top , S. 8° W. 

Mt. Lafayette, above the Eagle Lakes, also S. 8° W. 

Moosilauke, top S. 22° E. 

Moosilauke, twenty rods east of summit S. 27° to 32° E. 

Gardner's mountain, top S. 12° E. 

Mt. Cuba, top S. 28° E. 

Kearsarge mountain, Warner, top S. 46° to 51° E. 

Ragged mountain, top S. 23° E. 

Monadnock, top S. 21° E. 

Deflected stri® are remarkably well shown on the sides of 
Monadnock, where the divided glacial current passed around 
and over it. 

An inspection of this list, and of the far more numerous 
observations of stri® on the lower lands, published in the 
third volume of the "Geology of New Hampshire," shows that 
the prevailing direction of the ice movement was to the S. E. 
and S. S. E., bearing more toward the south in the southern 
and southwestern portions of the state and in the Connecticut 
valley. 
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Supplementing the observations of the Greological Survey of 
Vermont, Mr. Edward Hungerford published in 1868 a valua- 
ble paper on the glaciation of the Green mountains,' from 
which most of the following notes are derived, their order 
being from north to south. Strisc on the summit of Jay 
Peak, 4,018 feet above the sea, bear S. 40° E. Very large 
transported bowlders occur on the top of Mt. Mansfield, with 
strifle bearing S. 23° to 28° E. This mountain, the highest in 
the state, attains the elevation of 4,430 feet. Masses of quartz 
contained in the mica schist of the top of Camel's Hump, 
4,088 feet in bight, show fine lines of striation, noted in three 
places, S. 10° W., the same with variation to due S., and S. 
35° E. On the northeast side, about 700 feet below the sum- 
mit, in the path to Ridley's station, striae bear S. E. and S. S. 
E. It is also to be remarked that the rounded northwest side 
of Camel's Hump, and its precipitous cliff on the south and 
southeast, afford evidence of glacial erosion. ICillington 
Peak, 4,221 feet high, has similar rounded outlines, forming a 
*'well-defined northern stoss side;" and Mr. Hungerford ob- 
served numerous small bowlders of foreign rock within twenty 
feet of the highest point. He concludes that all these sum- 
mits, the highest in Vermont, were enveloped by the ice-sheet. 

The glacial current crossed the Green mountain range from 
northwest to southeast and south. It transported bowlders of 
the Burlington red sandstone across the range near Camel's 
Hump, where they were carried upward 3,000 feet abov-e their 
source, and deposited them in the Quechee valley, near the 
Connecticut river, and in Hanover, N, H., about sixty miles 
from their starting-point. 

Little is known of the glaciation of the Adirondacks; hence 
there is a rich harvest sometime to be reaped in that region. 
The group, consisting of Archcean granites, gneiss and schists, 
culminates in Mt. Marcy, or Tahawus (the "Cleaver of the 
Clouds"), 5,344 feet above the sea; and Mt. Mclntyre, at 
5,113 feet, is next in elevation. Mr. Verplank Colvin, in 
charge of the Adirondack survey, states that the summit of 
Marcy is contrasted with the other high peaks in its being 
destitute of glacial drift; but its embossed and rounded 
ledges, as he observes, indicate glacial erosion there, although 

' American Journal of Science, II., vol. xlv. 
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its striae have been obliterated by weathering/ Professor 
Fay also informs me that the top of this mountain and of 
several other prominent peaks visited by him in the Adiron- 
dacks are all similar in aspect to Monadnock, none belonging 
to the type of Katahdin and Washington. The contoured 
map of Mt. Marcy, drafted by Mr. Colvin show's that it is much 
steeper on the east and south than on the north and west, as 
would be its form under glaciation from the northwest, like 
the mountains of New Hampshire and Vermont. 

This summit lies about one hundred and twenty-five miles 
west, and a few miles south, of Mt. Washington ; and its dis- 
tance north from the terminal moraine on Long and Staten 
islands is about two hundred and thirty-five miles. The 
average slope of the surface of the ice-sheet from its termina- 
tion to the Adirondack mountains, was, therefore, not less 
than twenty-three feet per mile ; and from the Catskills, where 
the upper limit of glaciation is known, it was not less than 
seventeen feet per mile. How much it may have exceeded 
these figures cannot be determined, but what we know of 
Katahdin and Washington shows that the peak of Marcy 
doubtless lacked only a little of rising above the ice-sheet at 
its time of maximum thickness. In this connection it is to be 
remarked that the change from a northward ascent of about 
thirty feet per mile south of the Catskills, to an average of 
seventeen feet per mile, or slightly more, for the next hundred 
and thirty miles to the Adirondacks agrees well with the 
slopes of the Greenland ice-sheet observed by Nordenskiold, 
and with the northward ascent of the ice surface assumed by 
Dana in the computation above mentioned, namely, an 
average of ten feet per mile for the distance from the inter- 
national boundary to the watershed north of the St. Law- 
rence. 

Dr. R. P. Stevens states that along the valley of lake Cham- 
plain the general direction of the stria3 is in parellelism with 
the valley from north to south, but with local deflections to 
the amount of 20°. On the higher hills and mountains near 
the west side of this lake, including some of the eastern Adi- 
rondacks, he finds the striation to be more commonly from 
northwest to southeast, which is also its direction in the 

* Seventh Annual Report of the Topographical Survey of the Adiron- 
dack Region, to the year 1879. 



212 Glaciation of Mountains^ etc. — W, Uphanu 

Ottawa basin farther north. He also notes strise bearing 8. £. 
on Mt. Anthony in Saratoga county.* 

In New Jersey professor John C. Smock's observations 
show that the ice-sheet covered the highest point of the state, 
which lies near its most northern angle, at an elevation of 
1,804 feet. Its distance north from the terminal moraine is 
about thirty-one miles. The New York highlands and the 
Shunemunk and Shawangunk mountains are also glaciated 
to their crests. But in the Catskill mountains professor 
Smock finds that the glacial drift and striae extend upward 
only to an elevation approximately 3,000 feet above the sea.' 
Their limit is thus a thousand feet below the highest summits, 
Slide mountain, the culminating point of this group, having, 
according to professor Guyot's determination, an altitude of 
4,205 feet. The distance from Slide mountain south to the 
terminal moraine on Staten island at the sea level is a 
hundred and. five miles. The ice sheet in this distance had 
an average slope of nearly thirty feet per mile, or slightly 
less than a third of a degree ; and large areas of the Gatskills 
rose above its surface at its time of maximum thickness and 
extent. 

Professor Smock writes : "The amount of erosion in the 
Catskills has been very great, since the strata [sandstones 
and shales] are nearly everywhere horizontal, or inclined but 
a few degrees from the horizon. The main valleys appear to 
have been eroded prior to the glacial epoch, and the existing 
features were largely determined by the long-continued wear 
of preglacial waters; so that the ice- sheet did little beyond 
filling partly some of the valleys and abrading the more 
prominent of the lower ridges. The valleys are essentially of 
erosive origin, obscured, however, now by glacial debris in 
many places. In some of them, as that of the Batavia Kill in 
Windham, the Stony Clove and Woodland Valley, there are 
very plainly marked moraines, indicating the existence and 
retreat of local glaciers. The larger valleys of the Schoharie 
Kill, the east branch of the Delaware, and the Esopus creek, 
also have their moraines, though not so well defined. Subse- 
quent to the retreat of the great mass of the continental 
glacier, these valleys were no doubt occupied by detached 

^ American Journal of Science, III, 1873, vol vi. 
•Ibid., 1883, vol XXV. 
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glaciers. The torrents flowing from them evidently modified 
much of the older drift, and deposited it in a stratified form 
in these valley bottoms as we now see it. In this way the 
moraines were partly destroyed. Ascending these valleys to 
their head, the upper limits of the thick drift masses are 
reached, beyond which, on the steeper mountain slope, the 
explorer finds the evidences of glaciation in rochesmoutonnees 
and scattered bowlders only." 

The general direction of the glacial current in the region of 
the Catskills, as shown by strice, was southwestward, being 
directed normally toward the glacial boundary, which passes 
west-northwesterly from Staten island across northern New 
Jersey and northeastern Pennsylvania to Little Valley near 
Salamanca, New York. 

With the slopes of the North American ice-sheet ascertained 
in Maine, New Hampshire, and New York, we may instruct- 
ively compare that of the ice-sheet which moved westward 
from northern Scotland across the Minch and the Hebrides, 
found by professor James Geikie to have had a descent of 
twenty-five feet per mile ; "but slight as that incline was," he 
remarks, "it was probably twice as great as the slope of the 
mer de glace that filled up the German ocean." 

In Essex county, Massachusetts, forming the northeast cor- 
ner of this state, the courses of glacial strife and transporta- 
tion of bowlders range from S. 30° E. to S. 50° E. ; elsewhere 
in eastern Massachusetts they are generally about S. 20° E. ; 
in the central portion of the state, about S. 10° E. ; and on the 
mountains of Berkshire county, S. E. Dr. Edward Hitchcock 
reported striae bearing nearly north to south on the top of 
Wachusett, and on Mts. Holyoke and Tom. In Rhode Island 
the striation is nearly due S. ; and in Connecticut generally 
S. S. E. Professors J. D. Dana and C. H. Hitchcock have 
called attention to a deflection of the strice along the Con- 
necticut and Merrimack rivers to a course due south or a 
little west of south, conforming with the direction of these 
valleys. 

Exceptions to the general course of striation, diverging 
from it 10° to 40°, are also occasionally found in all parts of 
New England and New York. Many of these deflected striae 
doubtless belong to the time of recession of the ice-sheet, 
when the direction of flow close to the irregular indented 
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ice-border might deviate considerably from its former course. 
A large indentation of the ice-sheet seems then to have been 
formed within the Gulf of Maine, turning the latest glacial 
movements in the vicinity of Boston, as indicated by the 
trends of drumlins, toward the southeast and east-southeast. 
During the continued retreat of the ice this indentation prob- 
ably extended across York county, in the southwest corner of 
Maine, coinciding approximately with the Saco and Ossipee 
rivers. Remarkably deflected strite are found on each side of 
this tract, on the northeast being turned southwesterly toward 
it in Gape Elizabeth, Standish, and Brownfield, Maine, and on 
the top of Mt. Pleasant ; while on the southwest they are 
turned easterly and even to the north of east toward it in the 
district east of Winnipiseogee and Squam lakes.' 

After the departure of the general ice-sheet, local glaciers 
lingered, during probably only a short time, in deep valleys 
and ravines of the mountains. Indeed, at the present time 
the summer snow-arch in Tuckerman's ravine shows that a 
glacier would be formed there by slight changes in meteorolo- 
gic conditions favoring glaciation. Notes of the strise and 
morainic deposits of these alpine glaciers, and of the remnants 
of the ice-sheet itself, with local deflections of its currents 
during its dissolution within the mountain districts, are pre- 
sented by professor C. H. Hitchcock in the reports on the 
geology of New Hampshire and Vermont, partly from his own 
observations and partly as observed and originally described 
by Agassiz, Vose, and Packard. The Androscoggin valley 
contained one of the most noteworthy local glaciers of the 
White mountains, by which a remarkable terminal moraine, 
described by professor George H. Stone, was formed across 
the valley on the boundary between New Hampshire and 
Maine. 

Looking beyond the limited region that has been the theme 
of this essay, we may well glance again in closing, over the 
vast glaciated area of this continent. Nearly all the snow-fall 
forming the ice-sheet was brought by winds from the evapor- 
ated surface of the sea in temperate and tropical latitudes ; 
and Dana and McGee were first to reach the conclusion, since 
established by observations about Hudson strait and bay and 
on the head- waters of the Yukon, that the moisture of the 

' Geology of New Hampshire, vol. in. pp. 122, 194. 
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winds was almost wholly condensed and precipitated upon 
the southern part of the ice-sheet, so that it had a greater 
depth there' than far north. The course of striee and the 
directions in which the drift has been transported, together 
with the recorded observations of the upper limits of the drift 
on mountains, hills, and plateaus, indicate that a line of max- 
imum accumulation of ice extended from Newfoundland 
west-northwest to the southern part of Hudson bay, and 
thence west-southwest to the east base of the Rocky mountains 
between the Old Man and Waterton rivers, about twenty 
miles north of the north line of Montana. From this line or 
belt of its greatest depth the surface of the ice descended both 
to the south and north and the currents of its motion in these 
directions produced the glacial striae and drift. 

In the culmination of each of the two principal glacial 
epochs, the thickness of the ice-sheet over central Newfound- 
land and Labrador was probably 3,000 to 6,000 feet, increasing 
to 10,000 or 12,000 feet on the Laurentian highlands and in 
the basin of James bay and over the south part of Hudson bay, 
the bottom of which is about 400 feet below sea level. Thence 
westward the ice-sheet in the earlier and more severe epoch 
of glaciation probably decreased in thickness to 8,000 or 
7,000 feet in the region of Reindeer and Winnipeg lakes, and 
farther west it declined to a depth of only 2,000 to 1,500 feet 
at the Cypress and Sweet Grass hills. Contemporaneous with 
this northeastern ice-sheet in its time of maximum extent, 
vast glaciers issuing from the Rocky mountains pushed against 
its western border, and another ice-sheet was formed on the 
Pacific side of the continent, covering nearly all of British 
Columbia. The greatest thickness of this western ice-sheet 
was apparently between latitudes 55*^ and 60°, and at a distance 
of two hundred to four hundred miles from the coast, attain- 
ing probably a depth of a mile or more above the land surface. 
Thence its motion was southward to the northern borders of 
Idaho and Washington, westward through the mountain 
ranges of the coast to the ocean, and northwestward, according 
to Dr. George M. Dawson in the Lewes and Pelly valleys of 
the upper Yukon basin. In the earlier glacial epoch, and per- 
haps also the later, the northeastern and western ice-fields and 
the glaciers of the Rocky mountains became confluent, so that, 
when they covered their greatest area, one vast sheet of land 
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ice stretched across the continent from Newfoundland and 
cape Cod to Vancouver island. 

During the second and last great epoch of glaciation, when 
the terminal moraines of the northern United States, Mani- 
toba, and the Saskatchawan region were accumulated, the 
extent of the ice-sheet in Pennsylvania, New Jersey, and New 
England appears to have equalled or exceeded that of the 
earlier ice-sheet; but within the Mississippi basin it fell short 
of the earlier limit by a belt whose maximum width is about 
two hundred and seventy-five miles. The northwestward con- 
tinuation of the outer terminal moraines of this epoch, beyond 
the north line of Dakota, is believed to coincide approximately 
with the continuation of the Coteau du Missouri and with the 
Neutral and Beaver hills, crossing the South" and North Sas- 
katchawan rivers respectively about three hundred and twenty- 
five miles and two hundred miles east of the Rocky mountains. 
The thickness of this later ice-sheet upon the area of Hudson 
bay and eastward was apparently as great as that of the 
earlier glaciation, but westward from Hudson bay it dimin- 
ished in thickness more rapidly, probably having a depth of 
about (5,000 feet over Reindeer and Winnipeg lakes, and termi- 
nating east of the Hand, Cypress, and Sweet Grass hills, 
which had been islands surrounded by ice in the previous 
glacial epocli. As president Cliamberlin has suggested, the 
great lakes of British America, namely, Winnipeg, Reindeer, 
Athabasca, Great Slave, and Great Bear lakes, with the Mac- 
kenzie river, may be found to sustain the same relationship to 
the western and northwestern boundary and terminal moraines 
of the later ice-siieet formed on the northeast part of our con- 
tinent, that has been found along its southern border in the 
United States for the great Laurentian lakes and the Missouri 
and Ohio rivers. 

THE MESOZOIC SERIES OF NEW MEXICO. 

II. 

By Jules Marcou. 

Dr. Newberry was sent again to New Mexico in 1859, as 
geologist of Capt. Macomb's exploring expedition to the Grand 
and Green rivers of the great Colorado. A short resume of 
this second expedition was published at once in the Amer. 
Jr. Set. vol. xxviir, p. 298, September, 1859, under the title: 
"Dr. Newberry's late explorations in New Mexico — he shows 
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Marcou's so-called Jurassic to be Cretaceous ;" and seventeen 
years later his full "Geological Report," with eight plates of 
fossils, no geological map, 4to, Washington, 1876. 

There are curious paragraphs in those two reports. In the 
r^sum^ we read : "At Galisteo I found upper and lower Creta- 
ceous rocks beautifully exposed, and in the lower Cretaceous 
sandstone (Jurassic of Marcou) dicotyledonous leaves" "The 
(true) Jurassic may be in New Mexico, but we have not yet 
"detected it. Marcou's Jurassic is certainly not so." "Near 
Galisteo in the yellow sandstone specifically noticed by Mr. 
Marcou and regarded by him as Jurassic and identical with 
that of the Llano (Estacado), I found impressions of 
dicotyledonous leaves, which proves it to be Cretaceous.*' To 
sustain such sweeping assertions contrary to my careful ob- 
servations about Galisteo, Dr. Newberry has not given a 
geological map of the vicinity of Galisteo nor even of any part 
of the Rio Grande del Norte valley, nor a single section ; nor 
has he located with any degree of accuracy a single spot of the 
vicinity of Galisteo, and what rs more he has never figured, 
described, or even named a single dicotyledonous leaf. 

I found the Cretaceous rocks at Galisteo in 1853, and I gave 
a geological map, scale 1 : 900,000, with a tolerably exact distri- 
bution of the Cretaceous, Jurassic, Triassic, and Carboniferous 
systems, between Santa Fe, Pecos village and Galisteo. I 
published with good figures two Cretaceous fossils, found north 
and west of Galisteo : Ptychodus wkippleV and hiocerainus 
lerouxi. After finding for the first time in the United States 
the Jurassic system with characteristic Jurassic fossils : 
Grypho&a dilatata var. tucumcarii and Ostrea marshii^ in 

* Dr. Newberry in his description"! Ptychodus whippiei {Explor. 
Exped . from Santa Fr to junction of Grand and Green rivers j p. 138,) 
save : The 0»trea of which Mr. Marcou speaks as occurring with Pt. 
whippleiis not O. congesta, as he pupposes, but 0. lugubris of Conrad. 
The place of O.congesta is a little bisher in the series. Gryph,ra pitcheri 
is found a few feet below." Every one of these statements is errone- 
ous. It was Mr. Hall and not I, who described and figured the Ostrea 
congesta {Pacific R. R. Explor. vol. in. p. 100). I do not refer or speak 
of 0. congesta in my Geology of North America^ where are described my 
Cretaceous fossils. The Ostrea congesta described by Mr. Hall, was 
found by me at the same horizon and the same bed as Pt. whippiei; 



and the G, pitcheri found a few feet below, is a Gryphxa which has 
nothing to ao with the G. pitcheri of the Neocomian of the Indian terri- 
tory. A few pages before, p. 122, Meek in describing the Cretaceous 
fossils collected bv Dr. Newberry, snvs that the Lower Division 
f=Dakota group) contains Ammonites percarinatus^ Exogyra, Gryphxa 
(undetermined fragments), and leaves of Salix, Platnnixs, Quercus, in 
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the Tucumcari area. I followed the continuity of its strata 
with great care on account of a few denundations, to Los 
Estaros, Man of War butte, caflon Blanco, and the upper part 
of the mesa above Cuesta, San Miguel and opposite Pecos vil- 
lage. As to the Triassic system, I travelled over its strata, 
almost uninterruptedly, except a few spots of Neocomian and 
Jurassic, from the west side of the Delaware ridge to the old 
Pecos church ; that is to say, a distance of 550 miles. 

My observations can easily be controlled and followed, by 
means of my papers and my geological maps ; while until now 
Dr. Newberry has failed to show dicotyledonous leaves in my 
Jurassic yellow sandstone four miles northeast of Galisteo, 
and at the top of the mesa above Pecos. Dr. Newberry has 
also failed to show in any way the existence of the Oryphoda 
pitcheri 'of the Neocomian of Texas and Indian territory which 
he says he found "a few feet below the Ptychodus whipplet^ 
near Galisteo and at Naciniento mountains associated with 
Oatrea congesta and Inoceramus prohlematicus; and finally 
he has completely failed to prove that he has "shown Marcou's 
so-called Jurassic to be Cretaceous." On the contrary Capt. 
C. E. Button in his "geological map of northwestern New 
Mexico (Sixth Ann. Rep. U, S. OeoL Surv., jAsiie xrv. p. 128, 
Washington, 1885)" has followed my geological map of 1853^ 
mapping and coloring as Jurassic, all the road I followed and 

- - — — _ ■ - ^ 

a yellow or brown sandstone. "The vegetable remains * ♦ * have 
been investigated by Dr. Newberry, in whose report the reader will 
find them fully described and illustrated." Nothing of the kind 
exists in the report. The white and yellow sandstone of the canon 
Blanco and of the Mesa-wall north of Galisteo, do not contain 
dicotyledonous leaves ; and the existence of them in my Juras^c strata, 
as well as the existence of the typical G. pitcheri of the Indian territory 
Neocomian does not rest on any^proved facts. All is imagination. 

'^To my knowledge the name Gr\jphxa pitcheri has been applied 
wrongly to five different species of Gryphn'a, which have absolutely 
nothing in (Common with it. Like all the GrijphxXy tlie O, pitcheri 
varies in certain extreme limits, due to age, condition of preservation, 
and adherence of the lower valve, but retaining always the main 
characteristic of the species, which consists in ha\Tng the beak of the 
lower valve — if not completely obliterated by adhesion — always com- 
■pressed laterally more especially on the left side. Two of these false 
G. pitcheri exist in Texas, a tliird is the G. dilatata var. tucumcarii, a 
fourth is the Gryphiva re\^iei\ tx) (r. calceola of Covero, and the fifth has 
been figured by Dr. C. A. White, in "Wheeler's Palivontology , part i. 
vol. IV. plate XVII. p. 171. As to the Gryph:ra so often quoted and 
referred to G. pitcheri by Dr. Newl)erry, it is impossible to know what 
it was, as I have said in mv note "The original locality of the Gryphsea 
pitcheri^ (Amer. Geologisty March, 1889, vol. ii. p. 188). — A monograph 
of the American Gryphiva is in preparation. 
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marked as Jurassic from Covero to Zuni. And professor Rob- 
ert T. Hill has recognized, in 1888, at the Little Tucumcari the 
Jurassic system, with its characteristic fossil the Oryphasa 
dilatata var. Tucumcarii, saying in a printed circular : **The 
reaffirmation of the age of the Tucumcari section along the 
northwest corner of Texas to be uppermost Jurassic, as origi- 
nally described by Marcou." 

The only change made by Dr. Newberry in his classification 
of 1858, is that he has become convinced that the fossil plants 
of the coal of Moqui, which he called a "Jurassic florula," do 
not belong to the Jurassic system, for he says : "It is, how- 
ever, true at the present time (1876) that no Jurassic plants 
have been found on this continent;" showing once more 
how unreliable fossil plants are for the determination of the 
age of strata, and what degree of confidence may be placed in 
Dr. Newberry's palseobotanical conclusions. 

The resume of Dr. Newberry's exploration of 1859 contains 
a paragraph which I should not have written, notwithstanding 
the numerous provocations of my opponents ; but as it applies 
so well to the extraordinary classification they have chosen to 
make and to perpetuate by all means, as well for the Mesozoic 
series of New Mexico, the Indian territory and Texas, as for 
the Palaeozoic series of New York, Vermont and Canada, I 
shall quote it: "These unfortunate American geologists find 
to their confusion that the roof of their geological edifice was 
constructed before the foundation was Isiid^^ (Amer, Jour. Set., 
xxviii. p. 299, Sept. 1859). 

1863. Marcou. In an exploration of eastern Nebraska and 
western Iowa made during the autumn of 1863, I recognized : 
first, the Dyassic system at Nebraska City, extending farther 
north my discovery of the Magnesian limestone or Permian of 
Arizona and of Topofki creek of 1853 ["Une reconnoissance 
geologique au Nebraska, Paris, 1864;" "Carbonformation und 
Dyas in Nebraska," von H. B. Geinitz, 4to, Dresden, 1866; 
and "LeDyas au Nebraska," Paris, 1867] ; and secondly the 
true White chalk, with chalk like the European white chalk 
of England and France, at Sioux City. The main object of 
my visit in Nebraska was to see the original locality of Black- 
bird Hill, given as typical by Meek and Hayden of their 
Dakota group or lower Cretaceous No. 1. I found dicotyledo- 
nous leaves at Tekama, at Blackbird hill and at Sioux City ; 
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and to my great delight I saw that the Dakota group was 
identical with my Nova-Mexican Galisteo division of the 
upper Cretaceous; several fossils being identical, such as 
Ammonites percarinatus^ Inoceramus prohlematicus^ Ostrea 
congesta and fragments of fossil fishes. But more, I saw at 
once that the so-called lower Cretaceous of Messrs. Hall and 
Meek, was not lower Cretaceous at all, but far above the true 
lower Cretaceous orNeocomian of Texas and the Indian terri- 
tory, and even above the middle Cretaceous of Shawnee vil- 
lage (Indian territory) ; and I classified the Dakota group at 
its right place in the scale of American stratigraphy, as the 
inferior part of the upper Cretaceous or true Chalk division of 
Europe. At the same time I opposed the identification by 
Meek, Hayden and Hall of my Jurassic rocks of the Tucumcari 
area, with their Dakota group, insisting upon the absolute 
difference between the two systems ("Une reconnoissance 
geologique au Nebraska," Paris, 1864 ; "Les phyllites cretacees 
du Nebraska, par J. Capellini et 0. Heer, Zurich, 1866 ; and 
"Le terrain cretace des environs de Sioux City, de la mission 
des Omahas et de Tekama, sur les bords du Missouri," Paris, 
188G). 

The identification and synchronism of the Galisteo division of 
my survey of 1853, with the Dakota group of Sioux City, mod- 
ified my classification of the upper Cretaceous of New Mexico, 
reversing two subdivisions ; for it was evident that the gray 
marls with Ptyclwdiis, w/iipplei, Ammonites percarinatus, 
Inoceramus ^>r^6Z<?rwa</c/^5 and Ostrea congesta of the 
northern vicinity of Galisteo, were at the base instead of the 
top of the New Mexican White Chalk. I was glad of it, for in 
my rapid reconnoissance of 1853, I had regarded and noted 
the Cretaceous sandstone opposite Albuquerque as the young- 
est member of the Cretaceous system in New Mexico ; but not 
having the time and occasion to follow the strata in order to 
see the contact of the three divisions established by me in the 
upper Cretaceous, I yielded with some reluctance to the 
paheontologic rule, insisted upon by my friend Louis Agassiz, 
that the genus of fish Pti/chodiis was characteristic of the 
utmost upper part of the White Chalk of England and France ; 
and as a consequence I made a slight mistake in the strati- 
graphy of the upper Cretaceous of New Mexico. 
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IV.— Rectification to Table I, for the upper Cretaceous of New- 
Mexico ; made in 1863, by J. Marcou. 



Uppkb 

Cretaceous 

or White 

Chalk 

of 

New 

Mexico. 



Albuquerque 

and 

Puerco 

area. 



Galisteo 
area. 



c. White sandstone, with Ammonites 
novi mexicani, BaculiUs and Inocera- 
mu8. It forms the whole mesa be- 
tween Albuquerque and the Rio 
Puerco.—Lately, 1888, Mr. J. Collett, 
of Indianapolis, has discovered south 
of Albuquerque, at Carthage, near 
Socorro, in the continuation of the 
white sandstone an Ammonites lenticu- 
laris Meek, of the Fox Hill group of 
the upper Missouri basin. 

' b. Black marl and sandy limestone with 
Inoceramns lerouxi. Ravine of the Rio 
Gaiisteo, at the crossing of the road 
from Santa F^ to Sanfehpe :— It rep- 
resents the Colorado group. 

a. Gray sandy marls, with Plychodus 
whippleij Ammonatis percarinatus , In- 
oceramus prohlemcUicus, and Ostrea 
congesta; north of Gaiisteo, lying in 
discordance of stratification over or 
against the white and yellow Jurassic 
sandstone. — It represents the Dakota 
group of Iowa City and Nebraska. 



1867. LeConte. The entomologist, John L. LeConte, during 
a survey for the Union Pacific railway, touched my road by 
the 35th parallel, from the Rio Pecos above Cuesta, to Caiion 
Blanco, Tigeras, and Albuquerque. In his report : "Notes 
on the geology of the survey for the extension of the Union 
Pacific railway, E. D., from the Smoky Hill river, Kansas, to 
the Rio Grande," pp. 30-36, Philadelphia, 1868, he says, speak- 
ing of the rocks he saw in the Pass called Puertocito del Padre, 
in ascending the bluff from the Rio Pecos, to the mesa due 
east of Gaiisteo : "The section of a mesa of Cretaceous sand- 
stone underlaid by the marl series of re(J, white and greenish 
strata of the Trias. Whether there be any Jurassic strata 
between the Trias and Cretaceous has not been ascertained'^ 
, . . . "it is very probable that the upper beds of the marl 
series may be eventually classed with the Jurassic." No 
fossils and no geological map, or exact section, are given. 

1869. Hayden. Dr. Hayden in his " Third Ann, Eeporty 
pp. 165-166, Washington, 1873, says : "I am inclined to the 
belief that in the mesa, which looks so conspicuous on our 
left, on the road to Santa F^ (from old Pecos church), we 
have the first series of variegated beds, or Jurassic, including 
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the fine-grained sandstones that cap them, and the second 
series, Triassic ; and that the remaining sedimentary beds are 
composed of Carboniferous, and possibly some Permian exists 
in that region." Exactly what any geologist passing over that 
road, with my geological map of New Mexico of 1853 in hand, 
would have said. No fossils quoted, no geological map, no 
detailed section; eo Dr. Hayden's reconnoissance of 1869, 
from Pecos to Santa Fe, was simply a summary repetition of 
my observations. 

1879. Stevenson. Now we come to the survey executed 
"somewhat closely, from Las Vegas to Galisteo creek in 1879," 
by professor J. J. Stevenson. It is published in a 4to volume, 
called vol. iii. Supplement^ Geology; Wheeler's U. S, Oeogr, 
surveys west of the 100th vieridian^ Washington, 1881. 

The volume contains fossils, sections and a geological map 
of a "Part of north central New Mexico," touching and em- 
bracing in its limit some part of my geological map of New 
Mexico of 1853, so that comparison may be made. Scale of 
the map 1 : 253, 440. We must say at first that no Mesozoic 
fossils are figured or described , and that no list of species is 
to be found in any part of the volume, which relate to the 
Mesozoic rocks. "The title used by professor Stevenson in 
his paper in The American Geologist, vol. lu. p. 391 : "The 
Mesozoic rocks, etc.," seems to imply that his classification 
and description are entirely based on palteontology ; but on 
the contrary, all his remarks, descriptions and classifications, 
as well in his paper as in his large 4to volume, are purely 
lithologic ; the palaeontology is never mentioned anywhere, 
and even the stratigraphy is seldom referred to, more espec- 
ially the discordance of the strata, which is passed entirely 
unnoticed. 

The classification on the map is : 

r Laramie. 
Cretaceous. ■< Colorado. 

( Dakota. 

Linear outcrop of Jura-Trias. 

Carboniferous. 

Besides these are special divisions for the Tertiary, Quater- 
nary, Igneous and Crystalline rocks. 

Let us compare the only two geological maps of central 
New Mexico, of a tolerably large scale, in existence until 
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now. On professor Stevenson's map, the Dakota group — the 
only Cretaceous group I shall refer to — occupies all the mesa, 
from its extreme limit or rim, from near Lamy Junction to 
opposite San Miguel, extending west almost to the village of 
Galisteo. On my map the Dakota Cretaceous is limited to 
only three miles north, east and south of Galisteo ; and all 
the vast mesa from its rim to only three miles &om Galisteo 
is occupied by the Jurassic rocks, with three outcrops of Trias 
inclosed, no one of which is marked on Stevenson's map. 

Professor Stevenson has limited what he calls a "linear out- 
crop of Jura Trias," 700 feet thick, to the perpendicular cliff, 
which begins at the rim of the mesa, and follows all the 
anfractuosities of the mesa wall. It is limited to a sort of 
stone wall, of a serpentine-like form, unknown until now in 
the world, for two great systems of strata, the Jurassic and 
the Triassic, combined in one, almost horizontal or very 
slightly inclined. On my map the Trias, 1,500 to 2,000 feet 
thick, occupies not only the mesa- wall, but extends all over 
the valley of the Santa F^ stage road, and also down the 
whole valley of the Rio Pecos as far as south of Antochico, an 
area which has been colored by professor Stevenson as belong- 
ing to the Carboniferous. 

As to the Jurassic system at Cafion Blanco, at Cuesta, and 
opposite old Pecos church, the thickness is about 250 feet and 
very likely more, in its extension over the mesa. And both 
together, Jura and Trias, instead of being a serpentinuous 
linear outcrop as marked on professor Stevenson's map, on 
the contrary occupy a vast] surface, as I have colored them 
on my map ; and they are not confounded in a single system 
anywhere. 

On my map the Carboniferous is limited to the north of the 
Santa Fe stage road, and I have placed the Trias in direct 
contact with the Azoic or crystalline rpcks, just north of 
Lamy Junction, where the stage road crosses the crystalline 
rocks area. On professor Stevenson's map there is no contact 
of the Trias with the crystalline rocks, and we see instead a 
large band of Caii)oniferous surrounding the crystalline rocks, 
which certainly does not exist at the stage road crossing. 
West of Pecos village I have delineated on my map the Car- 
boniferous approximatively, because I was not there, and 
what I know of it was obtained in looking over from the top 
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of the mesa opposite old Pecos church. Professor Stevenson 
has extended there the Carboniferous, on the whole area of the 
Rio Pecos valley, in places which to my knowledge are occu- 
pied only by the Triassic system. 

Professor Stevenson divides his Dakota group into upper, 
middle and lower, with a thickness of no less than 1,700 feet, 
admitting an abnormal increase of thickness, and a lithology 
very variable and differing from the Dakota of the state of 
Colorado. He does not give the name of a single fossil, and 
passes silently over the finding there by Dr. Newberry of 
dicotyledonous leaves and of Gryphwa j^itcheri. He calls it 
a "Dakota group greatly expanded," "but while so doing made 
the remark that the whole series may he Triassic, or may he 
Cretaceous, the grouping having been made simply for con- 
venience ;" an uncommon way of classifying Mesozoic rocks. 
And professor Stevenson adds : "This remark is too narrow, 
as it left the Jurassic out of consideration . . . there is a 
possibility that some portion of this may helong to the 
Jurassic. But the writer is inclined rather to look upon it 
all as helong ing to the Oretaceous.'^^ (The American Geologist, 
vol. III. p. 396, Minneapolis, June, 1889.) 

These quotations and remarks show what sort of confidence 
can be given to professor Stevenson's geological map of New 
Mexico, and to his classification and description of the New 
Mexican Mesozoic rocks. 

Classification of New Mexican and Texan Mesozoic 
SERIES. As a resume the following Table V, (p. 225) expresses 
the views entertained from the beginning of the classification of 
the various formations, by their different authors. They are 
placed in order of dates. 

I shall add that Dr. Newberry said at the Berlin meeting 
of the International Congress of Geologists : " Je suis fonde 
a dire que quant au Permien proprement-dit, il n'exist par 
dans Ics Etat's Unis." Mr. James Hall joins Dr. Newberry in 
his view of suppressing the Dyassic system in America (Con- 
gres Geologigue, 3me session, 1885, p. c. Berlin, 1888). Pro- 
fessor Stevenson in his report of the sub-committee on the Car- 
bonic (The American Geologist, vol. ii. p. 248, Minneapolis, 
1888) has suppressed the Dyassic system in North America; 
according to his views and observations the Dyassic fauna 
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and flora belong simply to the upper Coal Measures, and even 
only as a sub-division or sub-etage of the 4th order ! 

y . — Table showing the classification of the Mesozoic series of New 
Mexico, the Panhandle of Texas, and the Indian territory. 



'J. Marcou, 
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Conclusions. When I entered on the very broad area of 
Mesozoic strata, on the 35th parallel, I was happily prepared 
by a rare training, for the work before me.' During 1846, '47 
and '48 I had published the most detailed and rational classifi- 
cation of the upper Trias, of the whole Jurassic system, and 

' The undertaking of a crossing from the Mississippi to the Pacific 
shores was considered then, 1853, so hazardous, that all the geolo^ts 
of any standing, to which the offer to accompany the three expeditions 
sent by the government for the Pacific railroad explorations was made, 
declined to go. Strongly pressed by professor Henry of the Smithso- 
nian, who made me the offer, entirely unsolicitea by me, and who 
proposed to me to choose the road and expedition which pleased me 
most, by a happy chance, I took the most southern road, where the 
Mesozoic series is found covering two-thirds of the distance, and 
where it is more developed than on any other line across the con- 
tinent. 
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of the Neocomian of the Jura mountains of France. Besides I 
had had the precious advantage of having carefully explored 
the whole series of the Trias, Jura and Cretaceous systems in 
central France, in Switzerland and southern Grermany. My 
classification and nomenclature for the ^'Jura salinois'' had 
been accepted and used by Bernardh Studer in his "Geologic 
der Schweiz," by Albert Oppel in his "Die Jura formation, 
Englands, Frankreichs, und siidwestlichen Deutschlands," by 
Alcide d'Orbigny in his "Cour de pal^ontologie et de g^ologie 
stratigraphiques," by F. Jules Pictet, in his "Traits de Paleon- 
tologie," and by all observers and writers on the Mesozoic 
series of central Europe ; and they are still used even to this 
day as typical for the Jura area. 

Notwithstanding such an excellent preparation, and the care 
I took to submit my fossils to Louis Agassiz, d'Orbigny, 
d'Archiac, Deshayes, Pictet, etc., my observations and classi- 
fications along the 35th parallel were .not only opposed, but 
rejected in a lump by an association of geologists led by 
Messrs. James Hall and J. D. Dana. The character of the 
opposition may be sufficiently indicated by the quotation 
oif a single paragraph of Mr. Dana, who says : "In conclusion, 
we would say that our reconsideration of the labors of Mr. 
Marcou in America has not raised our estimate of their value. 
We know well that if any American geologist had mapped our 
strata and synchronized those of America and Europe on 
such data as have satisfied the author of the ^Geology of 
North America' he would have been deemed young in the 
science, with much yet to learn before he would have a sober 
hearing." (Amer, Jr, Set., vol. xxvi. p. 323, Nov., 1858.) 

Themostsingularpartofthatoppositionisthat it is made by 
persons, no one of whom has ever studied with anything like 
thoroughness, practically and theoretically, a single bed of the 
Mesozoic rocks of Europe ; and no one of whom then, in 1857, 
had seen anywhere west of the Mississippi river the American 
Mesozoic rocks. When read calmly by unprejudiced geolo- 
gists and by observers who know practically any of the typi- 
cal regions of the Trias of Wiirtenberg, of the Jurassic of the 
Jura mountains, of Burgundy, Normandy and England ; of 
the Neocomian of Neuchatel ; of the Gault and White Chalk 
of the Paris basin ; and who have made practical researches in 
the field in Texas, Kansas, the Indian territory, New Mexico 
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and Arizona, the critics and strictures of my adversaries can 
not be taken seriously into consideration, having no basis to 
rest upon, either palseontologically, lithologically or strati- 
graphically. 

Instead of improving my classification of the American 
Mesozoic series of 1853 and contributing to the progress of 
American geology all the efforts of my critics during the last 
thirty-six years have been directed to prevent its acceptance. 
They have failed to give a single new fact, only mixing the 
series of Mesozoic strata in a hopeless mass of confusion and 
errors ; and by their obstruction preventing the acceptance of 
truth and misleading the geologists who have trusted them. 

I am glad to say that a new generation of young observers 
has at last come to the front ; and that already the Necomian 
has been signalized on vast surfaces of Texas and in southern 
Kansas ; the Jurassic is recognized in the Tucumcari area and 
western New Mexipo ; the Trias is extended south and north 
of my line of travels by the 35th parallel ; and finally the 
Dyas (Permian) of Topofki creek has been explored again and 
reeognized as such, and its extension north into Kansas is 
also admitted. 

PosT-scRiPTUM. — ^Two erroFS in the printing of the first part of my 
paper require explanation. 

1. At p. 163 the designations given at the left hand of the section of 
Pyramid Mount by Mr. James Hall ought to show that the bracket 
under the words: "corresponding to Nebraska section No. 1," does 
not stop at division A of the upper Keuper, but goes indefinitely lower 
down, as it is printed in the Mexican boundary line^ vol. i, p. 135; for 
Mr. Hall incloses in his Nebraska section No. 1, not only two-thirds of 
my Jurassic system, but also the whole Trias and the whole Dyas. 

2. At p. 159 the editor says in a foot note, in regard to my speci- 
mens placed without my consent or even knowledge in the hands of 
Mr. James Hall: **They were placed in his hands by order of the 
chief of engineers, through Mr. W. P. Blake." The chief of engineers 
had absolutely nothing to do with the whole matter. Here are the 
facts. 

Obliged by bad health to go to Europe, by doctor's order, I begged 
leave of absence from Capt. A. W. Whipple, chief of the explorations 
by the 35th parallel, my direct and only chief, who acceded at once. 
Almost at the last minute, when I was on the point of putting my foot 
on the deck of a Cunard steamer, I was ordered by Jefferson Davis to 
remain in the United States, or to give up my notes. It was materially 
impossible to obey either alternative. After my arrival in the Jura 
mountains, I surrendered my note-books and specimens to the secre- 
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tary of the American minister in France, who gave me a discharge and 
receipt. 

According to a special act of Congress, dated March 31, 1853, the 
explorations for the most practicable route for a railroad from the 
Mississippi river to the Pacific ocean, were placed directly under the 
charge of the secretary of war, then Jefferson Davis, who at once 
established a special olfice entirely independent of the chief of the 
topographical engineers, or of the cliief of engineers. The head of 
that special bureau reported directly to Jefferson Davis. In August 
IS54, the chief of the new office was Capt. A. A. Humphreys, topo- 
graphical engineers. I must say that ray friends Capt. A. W. Whipple, 
J. Pope and A. A. Humphreys did all they could in their subordinate 
positions to have Jefferson Davis rescind his order and allow me to 
write my report. Even more, professor Joseph Henry of the Smith- 
sonion institution, made several direct and personal applications to 
Jefferson Davis without any success. Capt. Humphreys finally deliv- 
ered my note-books and specimens to Mr. W. P. Blake, and not to Mr. 
James Hall, to describe and prepare a report. 

In entering on his duty Mr. Blake wrote me saying: "If you wish 
to present any mcKlifi nation or explanation of your views, please write 
me and I will regard your wishes — being desirous to accord you every 
privilege.'* Mr. Blake not only placed my specimens and note-books 
in the hands of Mr. James Hall against my wishes, but not satiafied 
with his extraordinary report of my route, read before the American 
Association for the Advancement of Science, at Albany, August, 1856, a 
violent and wholly incorrect paper against all my work and researches 
in American geology. 

A few extracts from letters of my beloved and much lamented chief 
A. W. Whipple, since killed at the battle of Chancellorsville, May, 1863, 
a major general, when fighting against the troops of Jefferson Davis, 
will show his views on the subject. 

In a letter to my correspondent in Boston, Mr. A. E. Belknap, dated 
April 13, 1855, he says : *'I feel assured that Mr. Marcou has behaved 
in tlie most disinterested as well as honorable manner." It was in 
regard to the giving up of my note-books and specimens, and finishing 
my account with the two surveys of Whipple and Pope. 

In a letter dated Oct. 23, 1855, Washington, Whipple says: **I 
received from baron de Humboldt a letter speaking very highly of yon, 
and endorsing your discovery of the Jurassic formation upon our 
route. I think there will be an effort to criticise that part of your 
report, but doubtless the effect will be to give you more credit in the 
end.*' 

Finally in sending me his final report he says : "I hope in perusing 
vols. 2, 3 and 4 of the Pacific Rail Road reports, you will perceive that 
I have endeavored to prevent injustice from being done to you. It is 
my opinion that your enemies have, by their course, injured them- 
selves in the estimation of the scientific world." 
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As to general Humphreys, late chief of engineers, I have received 

from him all sorts of proof of his friendship, asking me to renew ray 

connection with the engineer corps, which I d'd, in accepting first, an 

exploration of a part of southern California in 1875 ; and second in 

helping Capt. A. W. Wheeler in his report on the **Third International 

Geographical Congress, at Venice, Italia," 4to, Washington, 1886, 

which contains such a complete report upon the national geological 

surveys of the world, due entirely to me, although my name does not 

appear in the title, but only and sparingly in the introductory note. 
Cambridge, Mass., September, 1889. 



NOTE-TAKING AND THE USE OF MAPS IN GEOLOGICAL 

FIELD WORK. 

By Aug. F. Foerste. 

For geological work covering only a small area and confined 
to the consideration of simple, or at least single problems it is 
often unnecessary to keep any detailed system of notes. As 
the area under investigation increases in size, or the problems 
suggested by the same become more intricate it is no longer 
safe to trust to memory for the facts, and notes carefully pre- 
pared in the field are imparatively demanded. If the notes 
taken for this purpose are not too numerous great individual- 
ity of methods of recording the same may be permitted with-' 
out detriment to the work or loss of time. With each man, 
however, there is a limit at which notes arranged indiscrimi- 
nately can no longer be readily found, and some sytem must 
be devised by which notes referring to any part of the country 
under investigation may be readily found or the localities 
described in any series of notes may be readily traced on the 
map. Having frequently noticed the difficulties experienced 
by geological friends in the use of methods of many different 
kinds, I have thought that possibly it might be of some assist- 
ance to geologists in general to describe a system I devised 
some years ago, which as a matter of originality is not of a 
high order, but which for its practicability in actual field work 
has shown fewer defects than any system I have actually used, 
in all cases where the country under investigation has been 
accurately mapped. 

A map or series of maps covering the entire country under 
investigation is secured. On these are traced two series of 
parallel lines at right angles to each other. It has been found 
in practice that a distance on the map corresponding to one 
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minute of longitude or latitude is the most convenient inter- 
val between these lines. The parallels or meridians already 
marked on the map will be of assistance in determining the 
positions for the smaller divisions here desired. Each square 
or parallelogram thus formed is considered as an individual 
in the use of the map and the localities investigated 
in each are numbered consecutively in the order in which the 
notes have been taken in the field. In practice we have never 
found more than forty notes necessary in any one square or 
parallelogram (we shall call these divisions squares hereafter, 
although mathematically this nomenclature must be consid- 
ered incorrect for most parts of the world). The notes are 
numbered in such a way as to correspond with the figures in 
the map. This method has the advantage in not requiring the 
use of large numbers running into the thousands, and there- 
fore permits the designation of a greater number of localities 
in close proximity to each other if found necessary or con- 
venient by frequent exposures in the field. It becomes nec- 
essary, however, to designate by some means or other the 
squares, since in this method the same numbers are apt to 
occur in any or all of the squares. For this purpose some 
parallel and some meridian dividing the field somewhere near 
the center is taken and all the squares running northwards of 
the parallel are marked consecutively with the ordinary 
printed capital letters used by the English. Omitting the 
letters already employed the squares south of this parallel are 
marked in the same manner by letters of the Greek and Rus- 
sian languages. East of the meridian accepted for reference 
the squares are marked by the small written letters of the 
English script, and west of this meridian by the small written 
letters of the Arabic language. This does not necessitate the 
understanding of a single one of the characters in use. They are 
merely conventional figures used to designate squares and their 
convenience lies in the fact that they are simple, readily made, 
easily recognized, and being the result of centuries of human 
activity in the art of using written and printtd characters, are 
apt to be superior in convenience to any conventional figures 
invented by ourselves. 

To designate any locality in the notes it is only necessary 
to mention before each note the printed capital and the small 
written letter designating the square together with the number 
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of the locality. On the map itself the number alone will be 
sufficient, the squares being supposed to be permanently 
labeled before entering the field. As a matter of experience 
it has been rarely found possible to secure a map which would 
stand the test of continued use in the field without the abras- 
use of the map and the erasure of the notes. It has been found 
convenient, therefore to cut up each map into pieces of such 
size as are likely to correspond to the capacity of each note 
book in use. For note books 13 by 20 cm., containing a 
hundred pages, sections of the map corresponding to fifteen 
degrees of longitude and the same of latitude have been found 
most convenient. Each note book containing such a section 
may be conveniently labelled across the edges of the leaves by 
the name of the largest town in that section of the map or 
some other prominent characteristic. That section of the 
map which is intended to accompany any particular note 
book is then cut up and pasted permanently on the cover and 
leaves of the first part of the book. If the note book is made 
as it should be of good stout linen paper a thin map in this 
condition will last as long as the book will hold together; 
whereas the continued folding and unfolding of a single week's 
energetic work in the field would seriously injure the same. 
For pasting in the book some form of fish glue, as Page's 
liquid glue should be employed. 

As to the method in which the sections of the map shall be 
cut up considerable individuality may be allowed, the object 
being to have the pieces of such a size that when pasted in the 
leaflets of the note book a margin will be left on all sides to 
further protect the map and also to permit the labelling of 
the squares by tiers along the sides of each piece so as to 
leave the map itself as free as possible for the insertion of the 
number of the localities. For a map printed on the scale of a 
mile to 26 mm. and a note book 13 by 20 cm., my own habit 
. is to cut the upper part of the map into six pieces, 5 minutes 
broad and 6 minutes long. There are formed in this way 
three pairs, the upper pieces of each being pasted at the head 
of the book and the lower one at its base on the opposite leaf. 
This will fill six pages. The remainder of the map is cut into 
two pieces and pasted into the book at right angles to the 
remainder, filling two pages more. 

It would be equally convenient, perhaps, to cut the map into 
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nine equal pieces and paste them in according to some self- 
arranged plan. When the map is on the scale of one mile in 
32 mm. the map could be divided into pieces 3 minutes long 
and 2 minutes broad, again leaving an irregular strip to be 
stowed away in some fashion. For persons to whom such 
irregular cuttings are inconvenient the original sections could 
be made 12 minutes long and broad, which would cut up 
into equal pieces for both scales of the map. Where exposures 
are not densely crowded and the problems under investiga- 
tion are not exceedingly intricate, maps on the smaller scale 
have been found sufficiently large and more convenient since 
more of the map is brought on each leaf. Where intricate 
problems are being studied a map of the larger size is often of 
convenience, and any failures on the part of this to serve the 
purposes of the field-work can be remedied by pasting in, 
where required, some map oh a still larger scale which then 
may be referred to its appropriate square on the larger map, 
but is itself designated by some of the smaller letters of the 
Greek alphabet, and all the notes are referred for the time 
being to this smaller map instead of the one ordinarily in use; 
and the fact that such a subsidiary map is being used can be 
then indicated on the general map of the same note book by 
inserting the Greek letter designating the same in the place 
covered bv the subsidiarv map. It mav often be considered 
desirable to construct such subsidiary maps at once in the 
field, when they may be labelled in the same way as though 
pasted in from some printed source. 

A section or small sketch map practically explaining only 
the condition of aifairs at any one locality may be entered 
under the appropriate figure designating that locality without 
further reference. 

The advantage of this system becomes very great when taken 
in connection with the collecting of specimens in the field, 
since the mere designation of the locality by means of two 
letters and a single number is sufficient for any locality where 
only one kind of rock is found. Where several kinds of rock 
occur at tlie same locality a small printed letter of the English 
type is hastily inserted in brackets in that part of the note 
describing the place and the particular kind of rock collected. 
Each new letter added in the note signifies a new kind of rock 
or at least a specimen gathered at the same locality but at 
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«ome distance from rocks designated by another letter. It 
has been found convenient to designate any connected series 
of specimens from the same locality by the same letter, as for 
instance in case of a series of specimens showing the effects of 
contact metamorphism induced by some dyke upon the coun- 
try rock. Tlie individual specimens collected are tlion desig- 
nated by the distance at which they are from the contact line. 
Any further record desired had best be written out upon the 
label. But where many sections are examined and several 
series along the same dyke are collected I have found it con- 
venient to place on the label after the number designating the 
distance from the contact line the direction in which the sec- 
tion from which the series of specimens were collected, ran 
and placing a line above the number expressing distance, if 
they were collected before such contact line was reached pass- 
ing in that direction and a line below that number if collected 
after the contact line had been passed. Thus, B. f. ^ 4, would 
indicate that the locality indicated by a certain note or label, 
was number 4 on a certain subsidiary map marked '^ in the 
note book and which was used to supplement that portion of 
the map covered by the letter "n" on the square B. f. on the 
original sheet. A. b. 36, d. H " (N38W), would indicate that 
the locality thus indicated was at the place marked 36 on the 
square A. b. of the original map. For further designation it 
is necessarv to refer to the note book where under the note 
marked A. b. 36, and in the text of the same a letter d. is found 
in brackets at the beginning of a description in the field of a 
contact perhaps between a granite intrusion and a sedimentary 
sandstone. The figure 14" after this letter on the label accom- 
panying the specimen collected shows that it was found four- 
teen inches from the contact, the direction of the section is indi- 
cated later to have been made in a N. 38 W. direction and the 
line under 14" indicates that the specimen was collected 
before said contact line w^as reached, namely on the S. E. side 
of the contact line. 

When fossils are collected in new places where the horizons 
have not been carefullv established collectors should not fail 
to designate the exact hight in the series at which any speci- 
men mny have been secured, if time for such accurate labeling 
can be found. Although the mingling of fossils from different 
horizons at some one localitv while distinct elsewhere, is not 
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by any means a new phenomenon, yet it is possible that some 
localities thus published owe their interpretation to indiscrim- 
inate collecting, a fact further aggravated by the common 
practice that the persons who describe the fossils have scarcely 
time to collect them. For this purpose each locality is usually 
divided into various horizons by lithological characters if the 
same be present and letters are used designating the lines of 
separation, followed by a number indicating the number of 
feet above the same at which a certain specimen was found. 
English capitals are usually used to designate these lines. 
Thus, D, r, 7, G, 38', means that a specimen was found at a 
locality marked 7 on the square of the original map marked 
D, r. A reference to the notes will show that G indicates the 
horizon at the top of the third series of sandstones perhaps at 
some quarry or other, while the appended figure indicates that 
the fossil was collected thirty-eight feet above the same. A 
minus sign ( — ) before the number would indicate that it waa 
collected thirty-eight feet before that horizon. 

In glaciated countries where the strata are lithologically 
quite distinct, and are tilted at angles of 45 degrees or more,, 
or where there have been eruptions of volcanic material, 
or where a fault has brought dissimilar rocks together 
the structure may have been considerably obscured by the 
drift. In such places the drift itself will very frequently fur- 
pish clews as to the character of at least the general distribu- 
tion of the larger masses of rocks of similar lithological 
features thus hidden. As a rule, admitting many exceptions, 
and which must be studied by practice, it may be stated that 
along an east and west contact line the rock on the south side 
will be apt to appear in the surface drift, or in the fence walls, 
if the surface drift has been disposed of in this way, in angu- 
lar fragments, within at least a few hundred feet from the 
contact line, while the angular bowlders derived from rocks 
found in situ on the northern side of this contact line, appear 
in very much diminished quantity, half a mile south of the 
contact line, and are reduced to about 30 per cent of the angu- 
lar drift three-quarters of a mile south of said contact line, the 
bowlders being often more or less rounded. One mile south 
of the contact line only occasional bowlders are found, often 
quite rounded or diminished in size. Noting the percentage 
of the bowlders of various kinds in the fields and fence walls 
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of a geologically varied country becomes often, therefore, a 
means of determining their superficial area in situ, and deter* 
mining their contact lines with others and especially when 
igneous rocks are present in districts otherwise unmanageable ; 
while the actually formed exposures serve as a check on this 
kind of work. N. and S. contact lines are not so readily 
determined in flat countries at least, the bowlders often devi- 
ating as much as thirty degrees from the course supposed to 
have been taken b}' the moving agency ; still at times even this 
variation is not too great to admit of at least some results. In 
indicating the localities at which such observations are made 
on the map & dot is placed immediately after the number or 
some other sign is used to distinguish the same from localities 
where actual exposures have been found. 

The most convenient note book for general use is one in 
which all the leaves are cross-ruled by parallel lines 5 mm. 
apart dividing the pages into numerous squares. They should 
be stitched together along the end, and not on the side, and the 
writing should pass horizontally across the page, along its 
shortest diameter. The first three series of squares along the 
whole length of the book should be left free of all kinds of 
writing, being used solely for the indication of the locality, 
including the two letters designating the square and the num- 
ber designating the locality. In this way the pages may be 
readily scanned for some note desired, the letters indicating 
the locality, standing out clearly. Each page of the book 
should be numbered. At the end of the book the last three 
pages could be utilized by placing in an index of the notes. 
This is best done at the close of a season's work when the 
notes are being worked up, since the number of notes entered 
in different squares will be very unequal. The best series of 
indexing requires only two longitudinal series or columns of 
squares in the note book for each set of localities from the same 
square and consists in placing in the two squares at the head 
of two columns the letters indicating the particular square in- 
dexed in red ink. Then in black ink the localities of each 
square on the map are marked in the first column in the note 
book and the corresponding page on which the note itself is 
found is placed in the second column. One page will serve 
for several columns of this kind and three pages are usually 
sufficient for indexing one hundred pages of notes. Since this 



236 Note- Taking and the Use of MapSj Etc. — Foerste. 

is clerical work of the simplest order, some school .boy or girl 
may be readily entrusted with this indexing at a very reason- 
able expense. 

For use in the field a 6 H. Paber lead pencil has been found 
the best, both for marking the map and for writing the notes. 
It will not suffer from rain as would any ink. It will not rub 
nor need as frequent resharpening as would a softer lead pen- 
cil, and if good white linen paper note book be used, it is 
readily legible. Linen paper has the additional advantage of 
being very strong, holding the maps pasted in the same firmly, 
and does not suffer as readily from the rain. The note book 
itself should be covered by undyed leather even if Its general 
appearance be less prepossessing, since rains will come unex- 
pectedly and dyes will penetrate the leaves. 

The best compass is one in which the degrees are marked 
at the N. and S. poles and then are numbered both toward the 
E. and W., forming four quadrants numbered from to 90. 
All strikes should be referred to the N. pole, for instance, 
either N. 30 W. or N. 30 E., never S. 30 E. or S. 30 W. This 
obviates many slips made in counting up the number of degrees 
variation on a compass numbered up to 360 degrees, making 
a desperate effort to remember a few moments later whether 
at that particular moment you were standing with your face 
towards the N. or towards the S. The bar holding the needle 
when not in use should be controlled by a spring managed by 
pressure on the outside, and not by a screw, as in the larger 
instruments in use, since the screw arrangement sometimes 
leaves the bar neatly poised in some position holding the 
needle, from which very rough shaking, spoiling the delicate 
mounting of a good needle, will alone bring it down. 

Maps too large or too small may easily be redrawn by use of 
the pentngraph, and be arranged for any desired size. Exten- 
sion dividers are of great use in filling in more or less by free 
hand drawing, details from some other mnp. Blue prints may 
be used to directly copy the larger maps. 

While to the uninitiated the system here described may 
seem a complex one on account of the length of space required 
to describe the same, ?iVQ minutes practice with some note 
book prepared for the purpose will make the beginner as 
expert as the one who may have used this system for years. 
Tlie letters of the alphabet here suggested for use can readily 
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be secured from dictionaries, encyclopedias, grammars and 
elsewhere. 



NOTES ON THE GEOLOGY OF SOUTHEASTERN IOWA. 

By C. 11. Gordon. 

The surface geology of southeastern Iowa has received much 
attention from geologists owing to the favorable conditions 
this region offers for the study of the Subcarboniferous forma- 
tions. The fact that certain localities within this region have 
furnished fossils in wonderful variety and abundance has given 
it special favor with palaeontologists. The underlying strata, 
however, have received little or no attention. Having recently 
undertaken some investigations concerning the sub-driftrock- 
surface, certain facts relative to the deeper strata have fallen 
under the writer's notice which may be of sufficient importance 
to furnish an apology for this paper. Though the data derived 
from the records of deep wells are not of such nature as to be 
completely satisfactory, yet on the whole, the science of geol- 
ogy is under deep obligations to well drillers for information 
obtainable in no other way. Operations of this character 
having been pushed considerably of late in this section, either 
for the purpose of securing reliable supplies of water or to 
test for gas or oil, we have taken the opportunity to secure 
such records as were available. At Keokuk Mr. J. C. Hubin- 
ger has recently completed two wells, one 935 feet and the 
other 1,805 feet deep. The drillers are now at work on the 
third well and a fourth may be put down in the future. The 
wells are all located on the bluff overlooking the Mississippi, 
and the water is received in an artificial lake in the beautiful 
lawn adjacent to his palatial residence. From this lake the 
water is then carried in a chute down the face of the bluff 
about 130 feet where it is utilized in running two dynamos for 
furnishing incandescent lighting to the city. This method of 
securing water-power is certainly ingenious. The quantity of 
water obtained from the two completed wells is about 1,300 
gallons per minute. The third will bring it up to 2,000 gal- 
lons. The record here given is presented with a considerable 
degree of confidence as the results so far have practical agree- 
ment in all the wells. The record of the well at Sigourney is 
given as published by the common council of that place. That 
from Ottumwa was furnished by Mr. J. A. Hamilton. Mr. H. 
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writes us that this well was put down to test for gas and oil 
and that the failure to find either — a result to be expected by 
those familiar with the stratigraphy of this region — ^was a great 
disappointment to the people of that place. 

KEOKUK, OTTUMWA. 8IOOURNEY. 

Thick. Depth, Thick, Depth. TMek. Depth. 

98 ft 



Surface Bluff . 

Boulder clay 
St. Louis ... Limestone 



25 ft.. 
8".. 
6".. 



Keokuk— 



6", 
12" 
58". 

10" 



SandHtone 
Limestouc 

Shale 

Limcstoue 
Shale 

Burlington- 
Limestone 110 •* 
Shale (cal.) 65 " 

Klnderh'k— Limestone 10 " 
Shale . li*5 *' 

Hamilton— Limestone? 65 " 



20 



25 ft 
28" 
33" 

38" 

60" 

108" 

170" 

180" 

290" 
355" 
.%*) " 
5«5() " 
625 " 



Drift 



23 ft 23 ft Drift. 



9Sft 



645 



700" 
7:)7" 
800" 



940" 
lOoO" 



Limestone 23 " 

Shale 14" 

Sandstone 30 " 
Limestone 14 '* 
Shale 
Limestone 116 " 

Sandstone? 30 " 
Limestone 180 " 

Limestone 15 " 
Shale ... 160" 
Limestone(?) 
mixed with 
Sand 200" 

Limestone 150 " 



46" 
60" 
90 
104" 



220 



t< 



250" 
430" 

445" 
605" 



Limestone 
Shale... 

Limestone 
Shale ... 
Limestone 
Shale ... 
Limestone 



89" 
2" 

182" 

29" 

4" 

252" 

229" 



805" 
955" 



Sandstone 41 " 
Shale sandy 14 " 



187" 
189" 

321" 
350 '• 
3M" 
606" 
835" 

876" 

890" 



Lime and 



Sandrock 90" 1045" 
Sandstone 98" 1188" 

Slate 20"115H" 

Limestone 100 " 1258 " 

Sandstone 122 " i:«0 (?) Sandstone? 609 " 1888 * 

Limestone 697 " 2077 ft 



Shale 140" 1030" 

Shale (?) 25 " 1055 " 

(sandy below) 
Limestone 113 ft 1168 ** 
Sandstone 107 ** 1275 " 
Shale 4" 1279" 



Oriskany— Sandstone 

(sandy) 
Niagara— Limestone 55" 
Sandstone :i7" 
Maquoketa-Shale 63 " 

/^ 1 - * i Limestone 
Galena & J g^ndy 
Trenton ^ ^^^^q^, 140- 

St. Peters— Sandstone 110" 
L. Muguesian- 

Limestone alternating 
with Sandstone 

755 ft 1805 ft 

j^oTE.— In some cases tne aetermmations given by the drillers are evideutiv mis- 
leading; as, for example, in the Ottumwa well at 220-250 is given a sandstone 
which doubtless is the I'pper Hurllngtou, which mighteasily be mistaken for sand- 
stone unleKs one were familiar with the rock. So also the classification in certain 
rases can only be made provisionally as where limestones of different formation! 
follow each other, th«* driller gives it all as 'ilmeslonc." In the main, however, 
the record may be relied upon. 

Geologists will at once recognize some features in the above 
records not heretofore given in Iowa geology. At Keokuk and 
Sigourney, as also in Washington/ the Devonian is underlaid 
by a bed of sandstone which we were at first inclined to con- 
sider the representative of the Medina of the eastern geologists, 
but on further study believe it to be the Oriskany as found in 
Illinois and adjacent states. It is probably confined to the 
south and east part of the state. It is separated from the 
sandstone of the Niagara at Keokuk by a limestone somewhat 
arenaceous which j)roba])ly constitutes the upper portion of 
that formation. 

Another fact of importance brought out in the above records 
is the remarkal)le development of the Lower Magnesian series 
in this region. At Keokuk the drill passed 755 feet of this 
formation without completing it and at Ottumwg, the record 
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gives 939 feet which still seems short of the actual thickness 
of the series. 

At Sigourney the drillers give 609 feet of sandstone but it is 
altogether probable it is the same as the others. At Keokuk 
the current of water was so strong that samples were not 
easily obtained, but at different times samples were secured, 
showing a brownish shaly limestone above sometimes white 
and fine-grained alternating with sandstone which was hard 
and calcareous in portions. Thickness of each division could 
not be made out. The lower part seemed to be cavernous, the 
drill dropping two feet at one point. The flow of water was 
increased at two places which doubtless represents the num- 
ber of sandstones included. At Ottumwa the rock showed 
substantially the same characters. Mr. Hamilton says that 
the last 697 feet was ^^hard limestone full of holes, the sides of 
which are encrusted with a white substance evidently deposited 
by water. A piece of this rock about twice the size of a man's 
fist was brought up from a depth of about 1,700 feet having 
been caught in some way in the rope above the drill." It 
seems conclusive that the Lower Magnesian series has a much 
greater thickness in Iowa than has heretofore been supposed. 
As the Davenport well ' shows 622 feet of this series, which is 
corroborated by the records above with an increase in thick- 
ness, the conclusion seems justified that the maximum thick- 
ness of this formation within the limits of Iowa can not be 
less than 1,000 feet. In the vicinity of St. Louis, Mo., it is 
nearly 2,000 feet in thickness.' 

There is some probability that the Hubinger No. 3 now well 
under way will be continued through the Lower Magnesian 
series in the hope of finding more water in the Potsdam. It is 
greatly to be hoped this will be done as it will definitely settle 
the question of the thicknes of this series in Iowa. 



A POCKET MAPPING INSTRUMENT. 

By Alfred C. Lank. 

What with compass, notebook and pencil, one hammer or 
possibly two, map, lunch and collecting bag and perhaps 
barometer, the field geologist is apt to realize too forcibly the 
meaning of the Latin term "impedimenta." The little instru- 

* American Geologist, Feb. 1889. 
' Missouri Report. 
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ment I liavc to describe, which in default of a better word we 
miglit ciill ii "geogntph," has proved a handy consolidation of 
some of these instruments. 
It consists of a frame (see figure *) like a picture frame with 
a removable back 
held in place by the 
Bpring shown in 
dotted line, as in a 
^'^ photographic print- 
ing frame. This 
frame is of any suit- 
able size. The one 
I have been uning is 
5^x7 inches, outside 
measurement, and 
will cover a couple 
of land sections with 
a broad margin, at a 
scale of 2 inches to 
one mile. A larger one would be in many ways more con- 
venient but this just slips into my pocket. At the lower left 
hand corner is an oblong compass box ( A ) with width enough 
to allow for a magnetic variation of several degrees and a stop 

(B) to lift the needle up when not in use. 

The right hand aide has a semi-circular groove, and from 
the back of the frame curve forward two strips of elastic brass, 

(C) and (D), D forming a trifle over a quadrant, C very nearly 
a semi-circle. The jiencil is thrust through G and then 
pressed into D. A small rubber band is twisted three or four 
times around the pencil, which increases of course the pres- 
sure needful to press it into place, and prevents its falling ont 
or rattling. I have never lost a pencil from the holder. 

Above the compass on the left hand side is a sun-dial for 
determining true north, when the time o'day is known or vice 
vers'i, — for regions of local attraction indispensable. From a 
small hole in the frame at G an elastic cord runs through a 
hole or notch near the top of a movable arm E which is 
hinged at F, and thence over the top of the frame in a slight 
groove to the back where it is fastened. When the arm E is 

The 6eure is drawn in crj'Btallographic projection with the thick- 
ness and breadth of frame increaned out of proportion to show the 
construction better. 
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erect, the < E G F should equal the latitude. Adjustment for 
different latitudes could be made both by a series of notches 
in the arm E and by haying the base F adjustable so as to 
slide to and from 6. 

When not in use the arm E folds down, the cord contracts 
out of the way and nothing dangles as in the dial compass. 
But if F or E be changed the graduation of the dial must also 
be changed. If H is the number of hours before or after noon, 
P the point where at that time the shadow of the cord crosses 
the edge of the frame, m the projection of P on F G, we find 
mG — Pm is j&xed, — by the formula si = 



kId \%u 



If it might be necessary to change the adjustment on a jour- 
ney when tables are not at hand these two thumb-nail tables 
might be written on the back of the frame : 
P.M. A.M. cot.H. To find latitude ;— if latitude=Xo=cO + 8^ 



12 


12 


00 


1 


11 


3.732 


2 


10 


1.732 


3 


9 


l.OOC 


4 


8 


0.577 


5 


7 


0.268 


6 


6 


0.000 



where & is small, we have sin X— sin (c°+S®) 
«8in c+^cos c-^ ; if we let 0=36° 50 ', Binc=.6 
cos c='.8 ; and for the United States 8 will be 
small and this formula nearly true. 

Sin lat=l + ''^Z "^^ [- ^^- ] 
c\ rwvy ^^ 12000 J 

^•^^ Onlv the first two terms need be used. 

The frame is further marked with heavy lines in front to 
indicate the courses which are most used by woodsmen and 
are easily platted with coordinate paper, as given in the table 
below. 

The figures show graduation only on one side of the frame, 
but it is best to have it run all around. 

On the back of the "geograph" is a simple clinometer, — a 
weighted string fastened on the pencil side. There is a pro- 
tractor scale on the back about the point of fixture, and the 
pointed weight is shoved into a slot when not in use. A 
couple of small spirit levels set at right angles into the frame 
would improve it. 

The geograph may be used in two ways. First with coor- 
dinate paper in the usual fashion of woodsmen. The side of 
the geograph being brought to point north, the rulings of the 
sheet of coordinate paper cut to fit the frame run the same 
way. The course which we wish to go being picked out from 
those marked on the frame, a sight is taken over and along it 
and pursued. Having gone that way as far as we want, prefer- 
ably some number of paces which stands in a simple ratio to 
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that number in the first column (of the table below) which is 
in the same horizontal row with the chosen course, we can 
easily plat it from some chosen point, and thus continue. 
Several sheets of coordinate paper are always kept in the frame 
in case our course should lead us oflF the first one. At each 
stop we can fill in the topography accurately as the sheet and 
the country lie before us in the same position. 

TABLE OF COURSES. 



A run of 


on a course 


win carry 


and further 






: N. E. 


as N. 


E. : 




103. -.07 


140 4-3' 


100 


25 


760-3' 


r,16.-L.20 


180-U25' 


300 


100 


720-25' 


112. -.20 


270-20' 


100 


50 


620+26' 


3<>0. : J^\ 


:{40-i9' 


300 


200 


560+19' 


125, -.00 


:;70- H' 


100 


75 


530. 8' 


141.-^.12 


450 


100 


100 


450 


Paces. 


: K. 


N. 


N.E. : 



This table should be memorized or written on the back of 
the geograph. 

Or secondly it may be used as a plane table, a strip of stiff 
colored card with a graduated edge or even a pencil, serving 
for an alidade. Point the card in the direction to be deter- 
mined (keeping the side of the geograph pointing N.) and 
draw a line along it. 

There are some other incidental points. If you have your 
maps cut up and mounted on linen to fit, they mAy be slipped 
in. It will save wear and dirt and enable you to orient your 
map in a moment. Moreover you can keep your course on 
the map, or on a sheet of tracing linen over it in the frame. 
Whenever it is needful to make or finish a run in wet weather 
tracing linen or oiled paper can be slipped over the map or 
cO()rdinate paper and the notes continued. It is not a bad 
idea to make blue prints of maps for field work and for this 
the frame is useful. 

Thinking that this geograph might be of use professionally 
to others than geologists, — woodsmen, explorers, prospectors, 
army engineers, etc., I have taken steps to have it patented. 
But if any geologist will order one from me specifying how he 
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wants it made, at about what cost, graduated or not, with or 
without spirit levels and dial, and of what size inside or out, I 
will send him one at its cost to me, following his directions as 
far as they go, as I am about to have some made. The main 
expense is in the compass. Mine cost about $8.00 of which 
$6.00 was for the compass. The graduation I did myself. By 
the quantity they will be cheaper, yet the price will have a 
wide margin of variation. If one does not want to put out 
much money, for many districts the dial might be omitted, and 
the graduation done at home, and an inexpensive compass 
used, though good enough work can be done to warrant a 
good compass. 

State sui^ey, Houghton^ Michigan^ August^ 1889, 
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The Neozoic Geology of southwestern Arkansas, [with map. J By 
KoBRRT T. Hill, assistant geologist, U. S. geological survey. Vol. 
II of the annual report of the geological survey of Arkansas for 1888, 
in four volumes; By John C. Branner, Ph. D. State geologist, Little 
Rock, 1888. 8vo. pp 290, with appendices. 

This is a careful detailed report of one of the most important areas 
of the United States, where the unique Quaternary, Tertiarj' and 
Cretaceous phenomena of the South meet those of the West, and 
where all the Mesozoic and Genozoic phenomena of the Southwest bor- 
der upon the older Paleozoic continental outline. 

The geographic position of the region is clearly defined and the 
whole southern region divided structurally into (1); an interior or 
older (Paleozoic) division where the structure is more consolidated, 
the streams more permanent, the altitude higher and hygenic condi- 
tions more propitious ; and (2) into the newer (Neozoic) addition, in 
which the structure is unconsolidated, the country low, the drainage 
valleys wide and overflowing, and hygenic conditions proportionately 
malarial. The first of these is the southern industrial and small crop 
region, the latter the planting region, and their relation to the sub- 
structure is brought out throughout the work. 

The northern limit of the newer or Neozoic continental addition in 
the region described is a remarkable system of mountains, (not to be 
confused with the Ozark system), which extends west from Hot 
Springs, with a few interruptions to the Pan Handle of Texas, and 
which has been the ancient shore line of all the Mesozoic and Cenozoio 
subsidences, more than five of which are clearly recognizable as shown 
in p 184. It is remarkable that this important orographic system has 
not hitherto been described. 

The topographic features of the region south of these mountains is 
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that of an old base level, about 500 feet high, forming the flat-topped 
divides of the drainage system, and skirting the mountains for over 
100 miles west, into Indian Territory, and thence south into Texas. 
It consists of the gravel debris of the Ouachita mountains, is of early 
quaternary age, and has planed off and covered the Eocene and Cre- 
taceous strata, and, in turn has been grooved and partially destroyed 
by recent and late quaternary denudation, as recorded in the terraces, 
and deep cut drainage, some 250 feet below the Plateau-Gravel base 
level. The river systems of Arkansas and Texas are described, and 
classified into four sub-groups according to their origin and similarity. 
The Arkansas and Rio Grande rising in the Rocky mountains and cir- 
cumscribing the region are of the first order, the Red, Brazos and 
Colorado of the second, and the Ouachita, Little Missouri, Trinity, 
Nuces, etc. of the third ; while numerous minor streams of post quater- 
nary origin are of the fourth. 

Under the head of ''Fundamental Stratigraphy" are defined, discus- 
sed, and named in appropriate local terms six distinct formations 
above the Paleozoic, which is the foundation of the whole group. 
These include over 3500 feet of strata seen, which is a modest esti- 
mate of the whole thickness, and are of lowest Cretaceous, upper Cre- 
taceous, basal Tertiary, early and later, and recent Quaternary ages re- 
spectively. Each of these is described and sub-divided into approxi- 
mate horizons and the exact sequence of every layer shown both 
structurally and chemically (see pp. 220-221), and its relation to the 
Mississippi region in the one hand and the Texas in the other set 
forth ; while upon an appropriate map and sections their exact distri- 
bution is shown. 

Each of these formations is of great interest, and Mr. Hill has suc- 
ceeded in bringing them out clearly. The lowest or Trinity division 
of the basal Cretaceous, is especially interesting, in that.it shows the 
exact relation of the base of the Cretaceous to the Paleozoic, and adds 
to our geologic section a most important horiz*m. These beds follow 
the Paleozoic parting west into the Indian Territory and eventually 
crossing into Texas to the south, following the topographic feature 
known as the upper cross-timbers of the latter state. They consist of 
sands and clays, with occasitmal adventitions layers of shell-breccia, 
(limestone), and contain a niolluscan fauna paleontologically almost 
identical with the European AVealdan, associated with huge saurian 
bones and fossil plants which have not been studied. Prof. Hill 
writes that his assistant ^Ir. Taff, of the Texas survey, has measured 
over 1000 feet in thickness of this formation in his region. 

The exposures of the limestone beda of the Comanche Series so great- 
ly develoi)ed in the Texas region, stop short at the .Vrkansas-Choctaw 
line, and are exposed only in Arkansas in the depths of Little river, 
a niilo or two from the border. 

It is to the development of the upper Cretaceous, and the thorough 
discussion of that formation in Arkansas and Texas and its relation to 
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other areas, that the author devotes a greater portion of the work ; and 
it is the first attempt at a thorough description of these beds. They 
tell a remarkable history in their faunal and chemical sequence. They 
are sub-divided into appropriate divisions and horizons, and the author 
shows that the uppermost arenaceous [or glauconitic division as they 
could better be called] is the southward continuation of the New Jersey 
Cretaceous below the middle marl bed horizon, and of all the Mississ- 
ippi section except the Eutaw of Hilgard, (Tuscaloosa of Smith and 
Johnson). Below these glauconitic beds in Arkansas and Texas are 
nearly two thousand feet of upper Cretaceous marls, chalks, clays and 
sands, which have hitherto been erroneously correlated with the Hil- 
gard section. The top of these upper Cretaceous beds has been eroded 
during the land epoch between the Cretaceous and Tertiary times, and 
of the Tertiary overlap. The most remarkable feature of these upper 
Cretaceous beds is the beautiful white cliffs of Little river. "These 
cliffs which have long been a landmark of the region are about 150 feet 
high, perpendicular and as white and almost as pure as the celebrated 
chalk cliffs of Dover.'* Their remoteness from lines of travel is prob- 
ably the only explanation of their having so long been overlooked by 
American geologists. It is the remnant of a great area, which has 
clearly been eroded away during Tertiary and Quaternary times. 

A chapter is devoted to the ''Occurrence of chalk in the North Amer- 
ican Cretaceous" in which the predominant chalky origin of the typi- 
cal section of the American Cretaceous as seen in this northwestern 
region is shown, and it is asserted that "we have in a general manner 
"not only the equivalent of the upper, but also of the lower Cretaceous 
"beds of Europe, while chemical stratigraphical and microscopical 
"investigations prove conclusively that the culminating lithologic 
"character of each of the two grand divisions of the region are Creta- 
"ceous (chalky) in fact as well as in name. In other words the great 
"mass of the Cretaceous rocks in the American as in Europe are, or 
"were, mostly composed of more or less chalky foraminiferous, infra- 
"littoral sediments, and that the uppermost, or arenaceous beds of 
"New Jersey, Alabama, and the Northwest are only the northward ex- 
" tension of the upper and shallower beds, and not representative of 
"the whole. 

Following upon these facts, and "without endeavoring to establish ex- 
*'act synchronism of minute horizons, the writer has shown much 
"closer relations between these American formations and those on the 
"opposite side of the Atlantic than the accepted canons of American 
"geology allow. This has not been done to satisfy any preconceived 
"hypothesis, but solely because the geologic facts of this southwest re- 
"gion admit of no other conclusion. 

The volume is full of new paleontological data upon the geographic 
distribution and association of species, w^hile seven plates of new fos- 
sils are given illustrating the molluscan fauna of the Trinity division. An 
innovation is made whereby over 40 figures are made of a single oyster, 
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showing every possible variation, which will save future confusion. An 
interesting table on page 166 shows the stratigraphic distribution of all 
the Cretaceous Ostreidie of the region, and at a glance, throws entirely 
new light upon these important forms. In chapter XV, two typical 
species, Gryphira pilcheri Morton, of the lower Cretaceous, and Exo- 
gyra costata Say of the upper Cretaceous are discussed, and the re- 
markable controversy concerning the former, which for years has oc- 
cupied American geologic literature is reviewed and the confusion sur- 
rounding this important species, dispersed. 

It is impossible to review at length the data here presented for the 
first time of the detail of the basal Tertiary and the Quaternary forma- 
tions. They describe these features as they are, and throw new light 
upon them. They are as valuable as the Cretaceous discussion, 
and give the first local description and section ever published from 
that region. 

Part II of the report, in the writer's opinion is as important as the 
first, and consists in a discussion of the economic features. It contains 
a scientific treatise/ upon the origin and classification of soils and describes 
in the language of the people every geologic soil of the region, trans- 
ported or residual, and points out clearly their defects or excesses, and 
how they can be remedied, by natural means, i. e. the use of the val- 
uable and untouched beds of gypsum, chalk and greensands, in which 
the volume shows that the region abounds. Inasmuch as nine-tenths 
of the soil of Arkansas is deficient in these very elements, these facts 
are of incalculable value to the agricultural interests of the state. An- 
other remarkable economic fact is the perfect analogy of conditions for 
making Portland cement, existing between this region and the original 
seats of that industry in England, which is further brought out in an 
appendix by Dr. Branner. 

The chemical analyses, by Dr R. N. Brackett, are of importance to the 
geologist, for they give both the comjK)sition of the original structure 
and the soil derived from it, thereby ])ermitting the general character 
of geologic areas to be determined, and obviating largely the necessity 
of analyzing every individual farmer's field. Besides these analyses 
are arranged in a systematic geologic sequ(»nce so that great light is 
thrown upon the geologic origin of the strata. 

The print of the work is excellent considering the conditions under 
which it is ilone, but the book has many typographic errors, probably 
due to latrk of oversight by its author. Altogether the work is a cred- 
itable addition to the geologic literature of the country, and is espec- 
ially valuable as a key to an almost unknown regi«)n and to a much dis- 
cussed section of American geology. 

Solar Heat, Gravitation and Sun-spots. J. H. Kedzie.* 
Having stated his conception of the nature and origin of the heat of 
the sun, the author fills the rest of the volume with arguments and 
illustrations to prove its applicability and validity. His first is a 

♦ See page 181 for the commencement of this review. 
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general and sweeping ad coptanJum presentation of the case. Thus: 
**I£ all the heat from an infinite number of stellar suns has been pour- 
ing into this universal ether for indefinite, if not for infinite ages, if it 
has all been conserved and is still in existence, if there is no other 
universal ether into which this heat can make its escape, if neither 
this universal ether nor its included spheres are becoming hotter by 
the reception of this heat, then it seems to me that I am justified in 
saying that this heat must change into other forms and disguises. 
The forces of nature masquerade grandly ; sometimes in the ineffable 
light and heat of the sun, sometimes in the darkness and silence of 
night, but none the less real in the latter case than in the former." 

On the acceptance of the idea that the sun's radiations are con- 
verted intft other forms of energy on passing outward to the surround- 
ing spaces, several necessary conditions result, which require plausi- 
ble further illustration and explanation. 1st. The method and cause 
of such change, and likewise the method and cause of the reverse 
change to **despecialized heat" again on their return to the sun. i*ncl. 
The actual and recognized changes which the planetary system has 
undergone, under the principles of the nebular hypothesis of LaPlace, 
(which is accepted by the author) which have brought some portion of 
the energy of the ethereal emanations into specialized conditions and 
stored it up in other forms in the planets. 

In regard to the first change in the nature of the sun's emanations, 
Mr. Kedzie satisfies himself, and reasonably supposes the reader to 
be satisfied, with showing the possibilities and need of the change 
assumed, without any demonstration of the actual cause and method. 
The cause and method are the secrets of nature which she but scantily 
reveals. They are the same, however, as the causes and methods of 
conversion of one force into another which are feebly employe*! and 
exemplified in the physical or chemical laboratory ; though instead of 
being cramped and forced by conventional appliances and confined in 
narrow and unnatural limits, with exceptional environment, these 
changes, where they take place under nature's hand, operate so 
spontaneously, and smoothly, that their effects are invisible, and are 
taken up by the harmonious, ineflTable sympathies that pervade the 
forces of the universe in their sway over matter, and are diffused 
through space by media that the human senses do not apprehend. 
In this manner the author would suppose the wave which started 
from the distant Sirius as a wave of heat and light becomes converted 
to light only, to our senses, before it reaches the earth, while that 
from our sun, not having so far to travel, reaches us in the form of 
light and boat, gravitation and actinism, and before it reaches Sirius 
is of the same character as the ray of Sirius to us. Some portion of the 
sun's energy, when sent into space as waves of ether, is converted 
also into gravitation, the impact of the waves from all portions of 
celestial concave on any planet, resulting in that motion which we 
attribute to gravitation. Other change is seen in the promotion of 
chemical combinations, electricity, magnetism, and even vital energy. 
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in the various inhabited spheres. This the author claims under the 
law of the ''conservation of force ;" and that the sum total of all the 
suu'h radiations, and the radiation of all suns, again are restored to 
them he assumes under the simple law of the boy's axiom, "whatever 
goes up must come down/' The sum total of the energy of the uni- 
verse neither gains nor loses. The ether can not retain it ; it simply 
transmitn it. But it ca^i only transmit it to a receiver, and the heav- 
enly bodies are the (mly receivers. 

Despecialized heat, however, which starts from the sun, returns as 
sj)e6ialized energy. The author supposes the sun's surface to be the 
])laco where it is again dcspecializcd. It returns as mechanical 
energy (or gravitation), as electricity, and perhaps as other forces, 
and *' precipitating themselves upon the myriad points of tlie photo- 
si)here they turn to light and heat almost exactly as electricity does in 
the elecrtric lamp ; that is by the excitation of and resistence to elec- 
tric currents. I should lav more stress on this mode of transformation 
ot energy were it not that every dabbler in science invokes the aid of 
ek'ctricity to solve every mystery. Still tlnj abuse of one of the great 
energies of nature should not deter us from assigning it to its proper 
I)lace in the grand economy of the universe." The author then 
enforces this th(»ught by instituting a comparison between the electric 
spark of two approximate carbon points and the incandescent carbon 
clouds of the ]>hoto8phere, where the j>article8 are divided to the last 
degn^o of minuteness and offei' every inducement to the action of 
electricity. 

As to the second necessary condition mentioned above, the author 
accepts the nebular hypothe.sis, but while allowing for the cooling of 
the sun, the ])lanets and all the satelites, he insists that no heat is 
lost. It is simply reduced to 8i)ecialize(i conditiims. One of the first 
specialized forces, subsequent to the nebulous condition wherein all 
<>nergy is ex[nessed in one word — heat — was mechanical motion in the 
torni of immense vortices, resulting in some condensation of the vol- 
umes and some cooling of the substance of the nebulous mass. This 
vortical motiim continued has rcMilted in the partition of the mass 
into suns, an<l into systems. Then came cohesion, which further 
re«hirtMl tin* commoii stock of heat. Then gravitation became appar- 
ent, and chemical action, (electricity, magnetism, and lastly vi^viva, 
eacli in its ]»roper (irder, accompanied by cooling ami contracti(m until 
the present eijuilibriuni was attaiue<l. This specialization of energy 
from the all-embracing form of force, heat, the author claims, is not 
a loss of heat, only a change of its form of existence as energy, but 
this is a i>lay on the word. As heat it does not longer exist, but as 
energy it continues to act. The author technically seems t<-^ fall into 
the inconsistency of allowing cooling to go on, but denies the loss of 
heat by the cooling body. We understand, however, that he combats 
the idea that the heat radiato<i by the cooling nebulous mass is lost to 

the emergent ])lanetary system, and maintains that it is pre.served in 
other forms of energy. 
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A chapter is devoted to ^'potential energy," or that stored-up force 
which some physicists have dressed up in mathematical formulae, 
ready to act when the proper circumstances arise. If there be such 
energy in the universe it will profoundly affect the calculations of the 
author, which are based on the sole and comprehensive source repre- 
sented by primal heat. He shows that all instances of what is styled 
potential energy are resolvable into kinetic, force, and that really 
potential energy is a myth, and can play no part in a rational theory 
of solar heat. 

Under the definition of energy as matter in motion , and in compliance 

with the law of conservation of force, ''energy is generated nowhere, 

it is lost nowhere, it is confined to no place, it travels endlessly from 

world to world and from sun to sun, it never tires, it never rests, it 

never begins, it never ends, it never increases, it never grows less. It 

is at once the symbol of omnipotence and of eternity. The universe 

can never, never, never run down.'* The dissipation of energy is 

therefore true only in the sense that energy may be diffused, and may 

take on other forms. 

[to be continued.] 
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1. State and Government reports. 

Geological survey of Arkansas, Annual report for 18S8^ vol. ii. The 

Neozoic geology of southwestern Arkansas, by Robt. T. Hill, with 

appendices, The northern limits of the Mesozoic rocks in Arkansas, 

by 0. P. Hay, and On the manufacture of Portland cement, by John C. 

Branner. 

2. Proceedings of Scientific societies. 

Bulletin of t?i€ Proceedings of the Colorado Scientific Society y vol. iii. 
Parti, 1888, contains the following geological papers: Preliminary 
notes on the Eruptions of the Spanish peaks region (with map) by R. C. 
Hills; Colorado Volcanic Craters, by P. H. VanDiest; Notes on some 
unusual Occurrences of Galena Crystals, by F. F. Chisolm ; Mineral- 
ogical Notes, by W. F. Hillebrand ; The Quaternary of the Denver 
Basin, by Geo. L. Cannon Jr. ; The Genesis of Ore Deposits, by Rich- 
ard Pearce. Two Sulphantimonites from Colorado, by L. G. Eakins; 
Notes on the Ore occurrence of the Red Mountain district, by T. E. 
Schwarz; On some Stratigraphical and Structural Features of the 
country about Denver, Colorado, by Geo. H. Eldridge ; The Denver 
Tertiary Formation, by Whitman Cross ; On the Tertiary Dinosauria 
found in Denver Beds, Geo. L. Cannon Jr. ; The recently discovered 
Tertiary Beds of the Huerfano River basin, Colorado, (with map) by 
R. O. Hills ; The field for original Work in the Rocky mountains, by 
Pres. R. C. Hills. 

4. Excerpts and individual publications. 
Bulletins of the Washburn college Laboratory of Natural History, 
Topeka, Kansas, 1884-1889 contain the following geological papers : 
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Notes on Jx^calities of some interesting Minerals. By /. C. Cooper. 
Jan. 1885. 

Notes on the region of Crooked creek, Kansas. By F. W. Croffin. 
Jan. 1885. 

Notes on the Geology of southern Kansas. By F. W. Cragin, Apr. 

1885. 

Further Notes on the Dakota Gypsum of Kansas. By F. W. Cragin. 
May, 1886. 

Notes on some Rare Minerals of the southwest. By /. C. Cooper. 
July, 1886. 

Preliminary Notes on a Study of Atrypa reticularis. By W. 22. Lighten, 
Oct. 1887. 

A new species of Unio from Indian territory. By F. W, Cragin, 
Oct. 1887. 

Geological Notes on the Kegion south of the Great Bend of the 
Arkansas. By F, }Y. Cragin. Feb. 1889. 

Check list of the invertebrate fossils from the Cretaceous formations 
of Texas ; accompanied by notes on their geographic and geologic dis- 
tribution. By Roht. T. Hill. Univ. of Texas— School of Geology. 
Austin. 8vo. 10 pp. 

Paheontology of the Cretaceous formations of Texas. Part I. Pub- 
lished in installments. By Roht. T. Hill. Austin. Univ. of Texas 
— School of Geology. Roy. Oct. pp. 6, 3 plates. 

The North American Mesozoic : Address of Prof. Charles A. White, 
vice president, Sec.E, A.A.A.S. Toronto. August, 1880. 

Remarks upon sedimentation in the Cincinnati group. Jos. F. 
James. Cin. Sac. Nat. Hist. April, 1881). 

Contributions to the Mineralogy of Maryland. Geo. H, Williams. 
From Johns Hopkins I'niversity Circular No. 75. 

On the discovery and significanco of stipules in certain dicotyledo- 
nous l(»aves of the Dakota rocks. F. H. tSnow. Trans. Kansas Acad. 
Science. 188S. 

Salt: its discovery and manufacture in Kansas, with suggestions for 
its use in agriculture*. By Rohert Hay. Sixth biennial Report. Kan. 
State Board of Ayr. 

o. Foreiyn publications. 

Structures et classiQcations des Roches Eruptives, par A. Michel 
Levy pp, 82. Paris, 1SS9. 

The present state of the Archjoan controversy in Britain. By 
Charles Callaway. Ex. from the Geol. Mag. Dec. in. vol vi. No. 301, 
1880. 

Limestone District, i)art of the Palmer Gold field (with map). By 
Robert L. Jack, Government Geologist, Queensland. 

Sur nil gisenient francais de melaphyres A enstatite, par M. A. 
Michel Levy. Mars, 18s0. Paris. 

Les G<^H)logues et la Geologic du Jura, jusqu'en 1870, par Jules 
Marcou. P]xt. }fem. de la Societe 'rf Emulation du Jura, pp. 84. Lons- 
Le-Saunier, 1880. 
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PERSONAL AND SCIENTIFIC NEWS. 



The American Association for the Advaiicement of Science 
held its third Canadian meeting at Toronto commencing 
August 27th. The two previous meetings were those at Mon- 
treal in 1857 and in 1882. The University buildings afforded 
ample space and agreeable surroundings for the meetings. 
There was a free luncheon daily, as well as drives and garden 
parties and excursions to Niagara, Muskoka and Sudbury. 
The attendants of members was not large, but included an 
unusual number of the older and more eminent members, no 
less than eight of the past presidents being present — Dana, 
Hall, Newberry, Barker, Dawson, Young, Newton and Morse. 
Canadian members were well represented, there being twenty- 
nine from various parts of Canada, not reckoning forty-five 
from Toronto. From a scientific point of view the meeting was 
successful, but not remarkable for anything very new or strik- 
ing, though there were many important and useful papers, es- 
pecially in anthropology, geology and biology. The two evening 
lectures of the meeting were on "Niagara," by G. K. Gilbert of 
Washington and *'Four weeks in the desert of Mount Sinai,'' 
by Dr. H. Carrington Bolton of New York. Both were inter- 
esting, well illustrated and listened to by large audiences. In 
other respects it was probably one of the most agreeable 
meetings of the thirty- eight which the American association 
can now reckon. The following is a summary of the statis- 
tics as given by the permanent secretary. Prof. Putnam, who 
received the well merited thanks of the association, and was 
re-appointed for five years : — "There were 424 members and 
associates registered ; of these 45 were from Toronto, 29 from 
other parts oi Canada, and the balance from the United States. 
There were 201 new members and seventy-two fellows elected. 
There were 199 papers read and 227 submitted. There was 
placed in the public library at Toronto a full set of the 
publications of tne association, and the library has been placed 
upon the list for all future volumes. The invested funds of 
the association now amount to $4,700. The income of this 
sum was devoted to scientific research, and a lady member had 
sent a check for $500 to swell that amount." 

Prof. T. C. Mendenhall of Washington was president at the 
Toronto meeting, and Prof. Geo. L. Goodale, successor to Dr. 
Asa Gray at Harvard, was elected president for the next 
meeting, which is to be held in Indianapolis. 

Section E was presided over by Dr. C. A. White of Wash- 
ington, who delivered an opening address on "The North 
American Mesozoic." The secretary of the section was Prof. 
J. C. Branner of Little Rock. The following papers were read 

before section E : 

Topographic types of northeastern Iowa. — 25 min. — By AV. J. 
McGee. 



252 Personal and Scientific News, 

The lake ridges of Ohio and their probable relations to the lines of 
jjjlacial drainage into the valley of the Susquehanna. — 30 min. — By G. 
F. Wright. 

(rt.) The moraines of the Wabash — Erie region. (6.) The Ironde- 
quoit glacier. — 15 min. — By C. R. Dryer. 

Glacial phenomena of northern IndTiana and northeastern Illinois. — 
20 min. — By Frank Leverett. 

The attractive scenery of our own land. — 20 min — B^A.S.Bickmore. 

The mastodon of Kent and what we know about it. — 20 min. — By 
Kd. Jones, Ksq. 

On (terrain remarkable now fossil plants from the Erian and Carbon- 
iferous, and on the characters and affinities of the palaeozoic gymno- 
sperms,— 20 min.— By Sir Wm. Dawson. 

Mammoth cave. — 20 min. — By H. O. Hovey. 

The Devonian system of North and South Devonshire. — ^25 min. — 
By II. S. Williams. 

The reality of a level of no strain in the crust of the earth. — 30 min. 
—By E. W. Claypole. 

Tlie geological position of the Ogishke conglomerate. — 30 min. — By 
Alexander Winchell. 

Tlu? origin of gneiss and other primitive rocks. — 15 min. — By Robt. 
Boll. 

Ohsi'rvati«>ns on the trap ridges of the East Haven (Gonn.) region. 
— ;i0 min.— by E. O. Ilovoy. 

On a ])088il>lo chemical origin of the iron ores of the Keewatinin 
Minni^sota. — 20 min. — By N. H. Winchell and H. V. Winchell. 

Notice* of some Zircon rocks in tho Archaean highlands of New Jer- 
sey. — S min. — By F. L. Nason and W. F. Ferrier. 

Trap dikes in tho region about lake Champlain andthe Adirondacks. 
— 10 min. — Hy J. F. Kemp. 

Field stu<lies of hornblende schist. — 10 min. — By C. H. Hitchcock. 

Remarks on the Cretaceous of northern Mexico. — 10 min. — By C. A. 
White. 

A classification of the topographic and geologic features of Texas, 
with romarks upon the aroal distribution of the geologic formations. — 
20min.~Hy R. T. Hill. 

The Eagle Flats — formation and tho basins of the trans-Pecos or 
mountainous region of Texas. — 5 min. — By R. T. Hill. 

Tho ancient volcanoes of central Texas. — 5 min. — R. T. Hill and E. 
T. Dumblo. 

Tlie geology of the Staked Plains of Texas, with a description of the 
Staked Plains formation — 5 min. — By R. T. Hill. 

Tho geology of the valley of tlie L'pper Canadian from Tascosa, Texas, 
to the Tucumcari mountains. New 5loxico, with notes on the age of 
the samo.— 10 min.— By R. T. Hill. 

Note on tho mapping of the Arcluean, northwest of lake Superior. — 
10 min. — By A. C. Lawson. 

On tho structural and chemical diflforentiation of certain dykes of 
tho Rainy lake region. — 20 min. — By A. C. Lawson. 

Natural gas in Frodonia, N. Y. — 15 min. — By H. T. Fuller. 

Tlio petroleum belt of Terre Ilauto— lo min.— By C. A. Waldo. 

Preservation of glaciated rocks in Worcester, Mass.— 5 min. — By H. 
T. Fuller. 

Two new faunas from the lower Cretaceous formation of Texas, (a) 
Caprina limesUmo fauna. (/>.) Tho Shoal Creek limestone fauna.— 5 
min.— By R T. Hill. 

On the origin of the diagonal tremls in the earth's crust. — 15 min. — 
By D. S. Martin. 

('asts of S(;olithu8 flattened by pressure. — 5 min. — By A. Wanner. 
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Origin of boulder pavements and fringes. — 10 min. — By J. W. 
Spencer. 

Section of the Maquoketa shales in Iowa. — 10 min. — By J. F. James. 

The history of the formation of the Great Lakes.— 20 min. — By J. S. 
Newberry. 

The Geological Society of America held its first meeting 
for scientific purposes at Toronto, August 28th, in conjunction 
with the American Association for the Advancement of 
Science. Section E adjourned one day for the purpose of 
attending this meeting. After an opening address by president 
James Hall, the following papers were read : 

Areas of continental progress in North America, and the influence 
of those areas on the work carried on in them. — 30 min. — James D. 
Dana. 

Some sugsestions regarding the sub-division and grouping of the 
species usually included under the generic term OrihU, in accordance 
with external and internal characters and microscopic shell structure. 
—James Hall. 

On new genera and species of the family Dictyospongida>. — ^James 
Hall. 

The strength of the earth's crust. — 30 min. — G. K. Gilbert. 

On the origin of normal faults and the structure of the basin region. 
— 2ld minutes. — Joseph LeConte. 

Boulder belts distinguished from boulder trains ; their origin and 
significance. — 20 min. — T. C. Chamberlin. 

Study of a line of displacement in the Grand Canon of the Colorado, 
Arizona. — 20 min. — C. D. Walcott. 

Trap dikes near Kennebunkport, Me. — ^20 min. — J. F. Kemp. 

The Sylvania sand in Cuyahoga Co., Ohio. — ^20 min.—P. Neff. 

The third annual session of the Iowa Academy of 
Sciences was held at Des Moines, Sept. 5, and was well at- 
tended. The society received several new members and gives 
promise of being a successful state organization. It is pro- 
posed in the future to have two classes of members, viz. 
Fellows who are actually engaged in original work, and Mem- 
hers who are not. Prof. F. M. Witter was chosen president for 
the coming year, and Prof. R. E. Call remains Secretary-Treas- 
urer. Prof. J. E. Todd gave the retiring presidential address, 
on The Mission of Science, The following geological papers 
were read : 

On the fossils of the Keokuk beds in the vicinity of Keokuk, Iowa, 
C. H. Gordon. 

On the geology of eastern Arkansas, R. Ellsworth Call. 

On the crystalline rocks of Missouri, Erasmus Haworth. 

Observations on some Keokuk species of Agaricocrinus, C. H. 
Gordon. 

Prof. Arthur Winslow, of the geological survey of Ar- 
kansas, Little Rock, has been appointed state geologist of 
Missouri. 

Prof. John C. Smock, Albany, has recently made a special 
visit to the Alaskan glaciers, and observations on the drift 
phenomena on some parts of the Pacific coast in Washington, 
as well as on the gorge of the Mississippi between Minneapolis 
and Fort Snelling. These will be used in some comparative 
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studies contemplated on the drift of New York state, in con- 
nection with his otticial duties in the New York state museum. 

Prof. R. D. Salisbury, op Beloit, Wisconsin, recently made 
a careful examination of the plan and equipment of the new 
Science Hall and Museum of the Minnesota State University, 
Minneapolis. 

Col. Fielding Burnes, brother of the late Representative 
Burnes of Missouri, has resigned the position of special dis- 
bursing agent of the U. S. geological survey, 

Mr. D. W. Langdon, Jr., who has been for a number of 
years connected with the Alabama geological survey, has 
entered upon the duties of geologist and consulting mining 
engineer of the Chesapeake and Ohio railway, with headquar- 
ters at Richmond, Va. 

Dr. H. M. Chance, has returned from the Choctaw Nation, 
Indian Territory, where he made an extended examination of 
Choctaw coal lands. Dr. Chance has opened an ofBce in Phil- 
adelphia, and his permanent address hereafter will be 418 
Drexel Building. 

Mr. G. E. Bailey has been appointed professor op Met- 
allurgy at the Dakota School of Mines, Rapid City, to suc- 
ceed Prof. H. O. Hofman. 

The Familiar Experiment of setting roofing-slates on edge 
upright in a dish of water, and noting how far the water as- 
cends by capillary attraction in the substance of the slate, is 
one of the oest tests that can be made. In a good slate the 
water should rise only slightly above the surrounding surface. 
A slate which draws up the water to a considerable hight 
should be avoided as likely to be destroyed by frosts and 
weathering. American Architect. 

Allotropic Forms of Silver. According to M. M. Carey 
Lea, in the American Journal of Science^ June, ^'Silver is 
capable of existing in allotropic forms possessing qualities 
differing greatly from those of normal silver. There are three 
such forms, or rather three modifications of one form, differ- 
ing from each other in many respects, but all more nearly re- 
lated to each other than any one of them to normal silver. 
One of these forms is soluble in water, passing readily to an 
insoluble form, and this last may, by the simple presence of a 
neutral substance exercising no chemical action upon it, re- 
cover its solubility. Another form closely resembles gold in 
color and lustre. Those allotropic forms of silver are broadly 
distinguished from normal silver by color, by properties, and 
by chemical reactions. They not improbably represent a 
a more active condition of silver, of which common, or nor- 
mal, silver may be a polymerized form. Something analogous 
has already been observed with other metals, lead and 
copper." 

The Eiffel Tower. In the New Reviewer, Eiffel states 
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his purpose in constructing this tower. **I desired to show, in 
spite of my personal insignificance, that France continued to 
hold a foremost place in the art of iron construction, in which 
from the earliest days her engineers have been more partic- 
ularly distinguished, and by means of which they have 
covered Europe with the creations of their talent. Doubtless 
you are not ignorant that almost all the great engineering 
works of this nature, in Austria, Russia, Italy, Spain, and 
Portugal, are due to French engineers ; and the traveller dis- 
covers with pride, as he passes through foreign countries, the 
traces of their activity and their science. The tower, 1,000 
feet high, is, before every thing, a striking manifestation of 
our national genius in one of its most modern developments ; 
and this is one of the principal reasons for its existence. If I 
may judge by the interest which it inspires, abroad as well as 
at home, I have reason to believe that my efforts have not been 
unavailing, and that we may make known to the world that 
France continues to lead the world, that she is the first of the 
nations to realize an enterprise often attempted or dreamed 
of; for man has always sought to build high towers to mani- 
fest his power, but he soon recognized that the laws of gravity 
hampered him seriously, and that his means were very limit- 
ed. It is owing to the progress of science, of the engineer's 
art, and of the iron industry, that we are enabled to surpass in 
this line the generations which have gone before us W the 
construction of this tower, which will be one of the character- 
istic feats of modern industrv." 

It is said that only three of the rarer metals are regularly 
produced in this country. These are aluminum, iridium and 
platinum. Most of the rare metals are imported from Ger- 
many, although many of their compounds occur more abun- 
dantly in North America than elsewhere on the globe. Gallium, 
as quoted in price lists of rare metals, commands the highest 
price, being worth $140.00 per grain. It is doubtful if the total 
production of this mineral since its discovery would amount 
to one hundred pounds. Vanadium and glucinum come next 
in order of value. Zirconium might be obtained from the 
zircons of North Carolina, but at present the supply all comes 
from Europe. 

At A MEETING of the Russian Mineralogical Society, K. D. 
Chrustschoff, it is said, demonstrated the existence of a new 
metal which he has just discovered and named "russium.'^ 
The metal approximates closely in its properties to thorium, 
and its existence was predicted by Mendek'off. 

According to Prof. J. E. Todd"^ the Dakota sandstone of the 
Cretaceous, supplies tlie main source of artesian water for the 
numerous flowing wells throughout all South Dakota. 

North American Geology and Palaeontology is the title 
of a large work by S. A. Miller of Cincinnati Ohio, now in the 
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course of publication and expected to be ready for delivery by 
the Ist of November. The book will be Royal Octavo about 
800 pp. in brevier type, with two columns on a page. About 
one hundred pages are devoted to definitions and laws of geol- 
ogy, stratigrapbical geology and the laws of nomenclature. 
The great body of the work consists in a definition of all pale- 
ozoic genera with the etymology of the words, the name 
of the type species and place of publication, and^the illustra- 
tion of nearly all the genera, with lists of the species which 
have been described. Some genera are illustrated by a single 
figure of the type species or a typical species, and others have 
several figures to show the generic characters. The work will 
be indispensable to every geologist, and the author believes it 
alike serviceable to the beginner whether at home or at school. 
It will be sold at $5.00 a copy. 

After the Late Meeting op the American Association 
for the Advancement of Science, at Toronto, an excursion to 
the area of the Huronian rocks in the vicinity of Sudbury was 
given by the Toronto Local Committee. This party was under 
the special guidance of Director A. R. C. Selwyn and Dr. Rob- 
ert Bell, of the geological survey of Canada, and embraced, 
besides several ladies and some botanists and entomologists, 
the following geologists ; Prof. G. C. Broadhead, Columbia; Dr. 
E. W. Claypole, Akron; Prof. C. H. Hitchcock, Hanover; Dr. 
E. 0. Hovey, Waterbury ; Dr. A. C. Lawson, Ottawa; Prof. E. 
W. Morley, Cleveland ; Dr. A. Winchell, Ann Arbor, and Prof. 
N. H. Winchell, Minneapolis. The party numbered twenty- 
three and returned to Toronto,Saturday, Sept. 7th, whence they 
dispersed again to their respective homes. 

This trip was remarkable not only for the marked interest 
that centers in the Huronian system of Canada, and the differ- 
ences that have arisen as to its nature and stratigraphic posi- 
tion, but quite as much for the contrast it presented to the ex- 
plorations made by the early geologists, Alexander Murray 
and Sir Wm. Logan, in the same region in the later thirties and 
early forties of this century. Those trips were arduous and 
dangerous, made in canoes or on foot, with a few Indians and 
laborers to carry along what food and instruments the work 
required. At night the party slept on the ground, sheltered 
only by a small tent or by a clump of bushes, or rolled up 
alone in their individual blankets. This trip was made in a 
parlor and sleepinji^car of the Canadian Pacific railway, in Avhich 
the party found not only moans for rest and sleep at night, and 
storaj:;o and transportation for instruments and specimens, but 
also the enlivening com[)any and conversation of ladies. The 
car w;is drawn by a special steam engine, and was stopped 
wh(Tever and as long as, the geological features of the region 
invited. 
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CHARLES WHITTLESEY.* 

By Alexander Winchell. 

To the generation now paBsing away the name of colonel 
Whittlesey was a familiar sound; and bis high, noble and 
benevolent physiognomy was a genial and inspiring vision in 
the circles of intellectual life. He was the moving spirit in 
numerous enterprises of science, literature and industry ; his 
intelligence was many-sided, and diverse in the direction of its 
activity ; his earnest life was prolonged almost to the limit of 
four-score years, and he established himself firmly in the 
regards of an extraordinary number of acquaintances, friends, 
and admirers. He achieved many important results which 
will perpetuate his memory as long as civilization endures ; 
and yet adversities of fortune prevented his accomplishment 
of all that he aspired to, or all that he was fitted to achieve 
with honor and usefulness. Few have passed from active life 
more widely mourned or more profoundly venerated. 

Charles Whittlesey was born in Southington, Connecticut, 
October 4, 1808.* He was the son of Asaph and Vesta (Hart) 
Whittlesey, who settled in Ohio in 1813. Asaph was descended 
from John, who arrived in America about 1660. He died in 

^ Most of the biographical data of thepresent sketch are taken from 
the ' 'Memorial of Colonel Charles Whittlesey" drawn up by the 
honorable C. C. Baldwin of Cleveland, and pablished as Tract Ko. 68 
of the Western Reserve Historical Society, pp. 406-434. 
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Tallmadge, Ohio in 1842, after spending twenty-nine laborious 
and adventurous years in laying the foundations of that civili- 
zation of which Ohio is so justly proud to-day, after the lapse 
of three-quarters of a century. He served his fellow-citizens 
as justice of the peace and postmaster, from the date of his 
arrival in Ohio to nearly the close of his life. Asaph was 
brother of honorable Elisha Whittlesey, a lawyer of Canfield, 
Ohio, ensign of a military company in 1808, and soon after 
captain ; a soldier in the war of 1812, rising to the rank of 
brigade major and inspector, and serving eight terms as 
member of congress, and for many years first comptroller of 
the national treasury. 

The stern and rugged virtue and intelligence of the father 
blended with the refinement and high ideals of the mother in 
the character of the son Charles. Reared in the American 
wilderness, seldom with a full sense of security from murder- 
ous savages, pressed daily by the relentless necessity of con- 
tributing as he might to the earning of the family's livelihood, 
Charles still possessed the industry and the aptitude requisite 
for securing early headway in a thorough education. At four 
years of age he began school at Southington ; at five he sat in 
the log school-house at Tallmadge ; at eleven he entered the 
newly completed academy, working on the /arm in the sum- 
mer until he was nineteen. At this age he became a cadet at 
West Point. Graduating in 1831, he became brevet second 
lieutenant in the fifth United States infantry, and in No- 
vember started to join his regiment at Mackinac. He was 
detained for a winter's duty, however, at Fort Gratoit, and in 
the spring was assigned to the post at Green Bay. Resigning 
from the army at the close of the Black Hawk war, he opened 
a law office in Cleveland, and became part owner and co-editor 
of the Whig and Herald^ until 1837. Public interest in geo- 
logical surveys was now rapidly rising ; and colonel Whittle- 
sey had lent his influence as a journalist, to the dissemination 
of public interest in Ohio. Professor William W. Mather was 
placed in charge of the survey in that state, and among others 
associated with him was colonel Whittlesey, who was assigned 
to duty as topographer, geographer, and structural geologist. 
The survey, however, ceased to exist at the end of two years, 
and thus began that wasteful no-policy which the government 
of incompetency has since pursued in so many states. The 
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meagre and provisional statements contained in two annual 
reports were alone preserved ; but the full elaboration of the 
results, even of two years work, by the highly competent corps 
of geologists enlisted, was totally lost to the Commonwealth. 
True, the State was then in its infancy ; and the science itself 
had scarcely advanced beyond the infantile stage ; and one 
may, perhaps, feel less surprise that the undertaking was 
abandoned than that it had been deliberately begun. 'Tifty 
years since," wrote colonel Whittlesey in 1884, "geology had 
barely obtained a standing among the sciences, even in Europe. 
In Ohio it was scarcely recognized. The state at that time was 
more of a wilderness than a cultivated country, and the sur- 
vey was in progress little more than two years. It was unex- 
pectedly brought to a close, without a final report. No pro- 
vision was made for the preservation of papers, field-notes and 
maps." And yet, one who knows what was accomplished by 
that early survey, and has watched the later developments of 
industry and civilization in Ohio, understands well that even 
such an incomplete survey has been worth many times its cost 
to the State. 

During his connection with the survey, and during the two 
following years, colonel Whittlesey gave much attention to 
the ancient earth-works in the state, and may be said to have 
completed an examination of them. It was fortunate for 
American archeology that a student so competent was led to 
devote his efforts to the subject while yet the relics of the 
aboriginal race remained comparatively intact. 

In 1844 he made an agricultural survey of Hamilton county. 
The same year the information was spread abroad that the 
geological investigations in Michigan had disclosed the exist- 
ence of large deposits of copper in the Upper Peninsula, One 
of the companies organized in Detroit for explorations in that 
region engaged colonel Whittlesey as geologist. The explor- 
ing party coasted from the Sault Ste. Marie to the present site 
of Marquette. The ores of iron observed in abundance, had 
little value at that time, in consequence of the difficulties of 
transportation. The party pushed on to Copper Harbor, and 
thence to the Ontonagon region, wearied by labors, imperiled 
by winds and waves, but always sustained by the hope of rich 
discoveries. It was on this shore that Dr. Houghton lost his 
life in 1845. A life-like account of this journey was pub- 
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lished by colonel Whittlesey, in the National Magazine of 
New York, entitled, "Two Months in the Copper Regions." 

From 1847 to 1851 inclusive, he was employed by the United 
States in the survey of the country around lake Superior and 
the upper Mississippi, with reference to mines and minerals.' 
Subsequently he spent much time in the mineral district of 
the lake Superior basin. The wild life of the woods, thread- 
ing the stream with voyageurs and sometimes without a guide, 
was full of attraction for him. He was not, however, a rude 
hunter, nor a random explorer. He studied the forest as he 
advanced ; he noted the topography, he measured the rock- 
masses and preserved in diagrams the knowledge of their 
attitudes and superpositions ; devoting in all, fifteen seasons 
to the trying experiences of exploration in a country present- 
ing all the hindrances and hardships of one of the most diffi- 
cult and trying districts of any part of the earth. 

In 1849, 1850 and 1858, he explored the valley of the 
Menominee river from its mouth to the Brul^. He was the 
first geologist to explore this "South Range." ' He examined 
the north shore of lake Superior from the present site of 
Duluth eastward one hundred miles ; and his examinations 
extended westward along the St. Louis river, to the neighbor- 
hood of the national boundary. His observations in Minne- 
sota were published by the State in 1866.* 

In 1858 and 1859, he was employed by authority in the 
prosecution of geological surveys in Wisconsin. He had 
been the first to make scientific observations worthy 
of recognition in northern Wisconsin, while connected 
with Dr. D. D. Owen's national survey, in 1848. In 
1860, he was again invited by state authority to con- 
tinue work in the same region, and made to professor 
James Hall a report on Ashland, Bayfield and Douglass coun- 
ties which has never been published — the survey having been 
interrupted by the war. 

^ Owen, Geological Survey of Wisconsin, Iowa and Minnesota, pp. 
426-473. 

' Wisconsin Geological Report, iii, 490, 679. 

♦Report of colonel Charles Whittlesey on the mineral region of 
Minnesota, 8vo, 52 pp. close type, with wood-cuts. "This little pam- 
phlet contains much information concerning the northern part of the 
state not to be found in any earlier publication.'* (Geological Survey 
of Minnesota, final report vol. i. p. 99.) 
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The first sounds of war diverted colonel Whittlesey's atten- 
tion toward a different field of activity. Having been edu- 
cated a soldier, he felt that he owed his services to his country 
whenever a national emergency arose. He became a member 
of one of the military companies that tendered their services 
to president-elect Lincoln when he was first threatened in Feb- 
ruary, 1861. He became quickly convinced that war was 
inevitable, and urged the state authorities that Ohio be put 
at once in preparation for it ; and it was partly through his 
influence that Ohio was so very ready for the fray. ♦ ♦ ♦ 
Two days after the proclamation of April 15, 1861, he joined 
the governor's staff as assistant quartermaster general. He 
served in the field in West Virginia with the three months 
men as state military engineer; with the Ohio troops under 
generals McClellan, Cox and Hill. * * * At the expira- 
tion of the three months service he was appointed colonel of 
the twentieth regiment Ohio volunteers ; and was detailed by 
general Mitchell as chief engineer of the department of the 
Ohio. He planned and constructed the defences of Cincin- 
nati." 

In December, 1861, he was ordered to Kentucky with four 
companies of infantry "to suppress the rebel element" in sev- 
eral counties, with headquarters at Warsaw.* 

Colonel Whittlesey was in command of his regiment at the 
taking of Fort Donelson, and was sent north with the prison- 
ers, of whom over ten thousand five hundred were committed 
to him. In April, 1862,. on the second day of the battle of 
Shiloh, colonel Whittlesey commanded the third brigade of 
general Wallace's division — the twentieth, forty-sixth, and 
seventy-eighth Ohio regimenti. Under the impression that 
this decisive battle was the harbinger of the close of the war, 
he yielded to the requirements of long suffering health, and 
sent in his resignation. 

Colonel Whittlesey soon turned his attention again to 
explorations in the upper Mississippi and lake Superior basins. 
He examined the prairies between the head of St. Louis 
river and Rainy lake, between the Big Fork of Rainy Lake 
river and the Mississippi, and between the waters of Cass lake 
and those of Red lake. The uniformity of level was found so 

* In the Magazine of Western History for April, 1885, he gives an inter- 
esting account of his experiences there. 
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great as to demonstrate the practicability of canals aoroBS the 
various separating ridges ; and colonel Whittlesey's determi- 
nations have been relied upon by the advocates of an exten- 
sive system of inland navigation in the region of the sources 
of the Mississippi. 

After so diversified a career, it yet remained for colonel 
Whittlesey to enter upon an undertaking destined to insure 
most completely the grateful remembrance of his fellow citi- 
zens of Cleveland and northern Ohio. In 1867 he devoted his 
great energy and large experience to the building up of the 
"Western Reserve and Northern Ohio Historical Society." In 
this service he labored indefatigably during the remainder of 
his life. "All looked to him to lead the movement, and none 
other could have approached his efficiency or ability as presi- 
dent of the Society." He commenced immediately the prepa- 
ration of his valuable work on "The Early History of Cleve- 
land." He never ceased to gather important material for the 
archives of the Society, and contributed its most important 
publications. His most valuable work, however, was least 
conspicuous. It consisted in the constant and indefatigable 
zeal with which from 1867 to 1886, he promoted its prosperity. 
For twenty years the welfare of the Society was at all times 
his business and was never off his mind. 

Infirmities crowded upon him — many of them the ulterior 
results of hardships and exposures in his northern work — ^but 
he did not as yet regard his labors as finished. During the 
last few years of his life, his thoughts ranged to an unusual 
extent, over religious themes, and the relations between science 
and religion. The themes were not new to him, but he now 
arranged his views in more systematic shape, and supplied 
numerous contributions for the press. Now, at length, he 
pronounced his life-work completed. He had but a few weeks 
to wait. On Sunday morning, October 17, 1886, he was seized 
with a chill, and on the following day he passed from life. 

The career of colonel Whittlesey, as appears from this sur- 
vey, was shaped entirely by the circumstances which arose 
around him. If at any period of his life he deliberately 
selected a vocation for himself, his choice was suggested by the 
events of the time, and when the events were of a different 
tenor, he changed his mode of intellectual life. In this way 
he suited his efforts to the present opportunities and demands, 
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but sacrificed the advantages of persistent and concentrated 
effort in a life-long occupation. But if his labors, by lack of 
continuity, failed to reach the deepest principles of science, 
industry and human life, he gained by versatility and aptness 
to respond to the demands which from time to time seemed 
most urgent and best suited to his abilities. Thus viewing 
his long and useful life in retrospect, we have to contemplate 
him as a soldier, a geologist, an archseologist, a journalist and 
a religious thinker. In each of these characters he rendered 
service to the world, of which we would speak in a few char- 
acteristic words. 

He possessed the qualities of the true soldier. These were 
manifest in his manly mien, in his self poise, in his terse 
phrase and his iron purpose. Had he not been dowered with 
more than soldierly gifts, his life would have beei^ spent in the 
army. But his military susceptibilities were re-awakened 
whenever his country needed soldierly defence. His services 
in the War of the Rebellion were conspicuous for bravery, for 
prudence, for foresight, for promptness, for a humane spirits 
even for a high order of generalship. At Seary Run, on the 
Kanawha, July 17, 1861, he distinguished himself by intrepid- 
ity and coolness during a severe engagement, in which his 
horse was shot under him. In Kentucky, his military energy 
and marked sagacity crushed treason and established order 
with unexpected celerity. At Fort Donelson, his conduct 
elicited the special commendation of generals Wallace, Force 
and Grant, and of senator Sherman. What is even more, his 
relations with his subordinates won him many expressions of 
profound and tender regard. But when the call to arms was 
no longer heard he knew how to doff his uniform and cultivate 
the arts of peace. 

Colonel Whittlesey was a good geologist. His studies were 
chiefly structural and stratigraphical ; and his field work was 
almost always upon unfossiliferous rocks ; but when in Ohio, 
he gave due attention to the collection of organic remains, and 
these he carefully referred to definite physical horizons. He 
appreciated their significance in geological investigation.* 

• The writer investigated for colonel Whittlesey, a collection from 
the sandstones of northern Ohio and Pennsylvania. (Proc. Acad. Nat. 
Sci. Phil., July, 1865, pp. 109-133.) ColonelWhittlesey himself published 
a description of a coal plant supposed to be new (Amer. «four. Sci., 
July, 1850, with cut). His personal attention to fossils is evinced in 
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His earliest geological studies were made in 1838 and 1839» 
in connection with the first geological survey of Ohio. His 
reports aggregate forty-three pages. His attention was 
directed to the construction of maps, the running of levels, the 
determination of altitudes, the measurement of the thicknesses 
of formations, the encroachments of rivers, the fluctuation of 
the great lakes, the ridges of lake Erie, the variation of the 
magnetic needle and the survey of ancient earth works. In 
his subsequent explorations colonel Whittlesey paid much 
attention to the Drift. He early made it the subject 
of serious study, and was among the first to insti- 
tute systematic .and widely extended investigations/ 
His method of geological investigation is well illus- 
trated by his paper of 1851, read before the American 
Association. » In this were depicted and described seven ex- 
tended sections of Drift deposits : 1. From the Canada shore 
of lake Eric southward through Cleveland to the summit land 
near Akron. 2. From Detroit westward to the summit between 

his deBcriptious and figures embodied in a paper on the ''Equivalency 
of the rocks of northeaHtern Ohio and the Portage, Chemung and Ham- 
ilton rocks of New York." (Proc. Amer. Assoc. Adv. Sci., Cincinnati 
meeting, 1851, pp. 207-221.) 

' Some of his papers are the following : Diluvium or Drift of Ohio 
and the West. Illustrations, pp. 12. (Amer. Jour. Sci. March, 1848.) 
On the superficial deposits ot the northwestern part of the United 
States, (rroc. Amer. Assoc. Adv. Sci., Cincinnati, 1851, pp. 54-58). 
Drift of the northwestern States, pp. 2. (Annals of Science, Cleveland, 
1852). Drift etchings, lake Superior, Illus. (Annals of Science, 
March, 1854). Pre-glacial channel of Eagle river, lake Superior. 
(Pamplilet, Boston, 1855). Natural terraces and ridges of lake Erie, 
pp. 9. (Amer. Jour. Sci. 1850). On the drift cavities or potash kettles 
of Wisconsin, pp. 2. (Proc. A. A. A. Sci., 1857). Fresh water glacial 
Drift of the Northwest, 4to, Illus. and maps, one colored. (Smithsonian 
Contributions). On the ice movement of the glacial era in the valley 
of tlie St. Lawrence, pp. 12. (Proc. A. A. A. Sci., Burlington, 1867). 
Glaciation of Kelly's Island, lake Erie, pp. 7. (Proc. A. A. A. Sci., 
1878). The ice era in Ohio, pp. 3, 1884. Forks of the Cuyahoga, pre- 
glacial, inter-glacial, and post-glacial, pp. 4. 1885). 

In reference to the scientific value of his work in Minnesota, we find 
tlie following in th(» Final Kei)ort on that state, vol. i. p. 99 : *' Whittle- 
sey's grouping of 'glacial etchings' proves the direction of the glacial 
movement in the northern part of the state to have been from the 
northeast; and he unhesitatingly ascribes all the phenomena in North 
America to tlie agency of glaciers ; placing the southern limit of the 
movement in New Jersey, nortliern Pennsylvania, Ohio, Indiana, 
Illinois, Wisconsin and Iowa. The correctness of this early prognos- 
tication has been strikingly verified by late explorations in several 
of the states named. He could see no reason to suppose that any 
changes of level of the country have taken place since the era of the 
Drift.'^ 



Charles Whittlesey, — A. Wii^hell. 265 

lakes Erie and Michigan. 3. From Chicago west to the sum- 
mit between lake Michigan and the Mississippi. 4. From 
Sheboygan, Wisconsin, to lake Winnebago. 5. From LaPointe, 
lake Superior, to the Apuknoyekan river. 6. Prom the west 
end of lake Superior up the valley of the St. Louis river, across 
the Mesabi range to the Grand Fourche of Rainy Lake river. 
7, A sheet of detailed sections showing the interchangeability 
and contemporaneous character of the red and blue clays at 
Racine, Milwaukee and Sault Ste. Marie. The explanation of 
these sections tended to show that in all parts of the north- 
west, east of the Mississippi, the same order of succession in 
the drift deposits obtains. Colonel Whittlesey had sought 
everywhere for organic remains, and he presented a few, 
referred as usual, to their precise localities, depths and sur- 
roundings, which awakened a lively discussion. He felt him- 
self justified in conclusion, in pronouncing "all this vast, wide- 
spread, superficial mass, extending from the interior of Ohio 
to the plains of the Red river of the North and the Saskatche- 
wan, one formation, with members;" and **its diflerence of 
composition — its clays, marls, hard-pans, gravel, bowlder- 
masses and sand ridges — due to modifications of that force, 
whatever it was, which brought on the materials, and in doing 
so, scratched, polished and abraded the surface of the under- 
lying indurated rocks." 

His study of the geology of Ohio was not restricted to one 
or two features. On several occasion, he treated of the general 
geology of the state ; but more frequently, he described more 
limited regions or features.^ Many of his reports on the 

•General Geology of Ohio, with a map. 1847. (Pamphlet). Outline 
sketch on the geology of Ohio, with outline map of the ^ological for- 
mations of Ohio, pp. 13. (Howe's Historical Collections of Ohio, 
1848). Geological map of Ohio, 2x2 feet, J. H. Colton & Co., New 
York, 1866. The equivalency of the rocks of northeastern Ohio and 
the Portage, Chemung and Hamilton rocks of New York, pp. 16. 
(Proc. A. A. A. S., Cincinnati, 1861). The lower Limestone Group 
Coal Series of Eastern Ohio, pp. 8. (Proc. Inst Mining Eng. 1864). 
Physical Geology of northeastern Ohio, 4to. pp. 9. Plate and elegant 
map. (Proc. Bos. Soc. Nat. Hist., Feh. 2, 1869). Physical structure 
of the Ohio coal field, pp. 7,1887. (Proc. Amer. A. A. Sci.. 1875). 
Great Coal Seam region of Ohio, pp. 7, Illus., 1877. Iron ores of the 
Great Coal Seam region, plates, pp. 4, 1877. Dip of the Great Coal 
Seam, Ohio. pp. 4, 1878. Geology of Portage county, Ohio, 1878. 
General geology of the counties of Columbiana, Stark and Tuscarawas. 
Large, 8 vo. pp. 8. (Report of Secretary of State, Ohio, 1878.) Great 
Coal Seam, Straits ville, Ohio. pp.6. Map. 1881. 
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northern regions explored contained original matter of scien- 
tific as well as economic interest. This is especially true 
his discussions of the Menominee and Penokie iron regionfl.** 
His researches on the copper deposits of lake Superior were 
important ;^° and many questions of great interest were treated 
by his versatile pen." 

For several years, prior to 1869, colonel Whittlesey urged 
upon the public of Ohio the necessity of a reorganization of 
the State geological survey. When the bill was finally passed 
he fondly **hoped to be the chief of the survey in his own 
state." He had for over thirty years labored to familiarixe 
himself with its natural features, and was generally recognized 
as eminently fit to direct the work of a survey. But the 
appointing power deemed it wise to appoint another. Colonel 
Whittlesey was offered a subordinate position but declined it. 

As an archaeologist colonel Whittlesey was early in the fields 
was fortunate in the material accessible, industrious in its in- 
vestigation, and fruitful in results. His name will always 
hold high rank among American students. The fruits of his 
earlier labors were generously surrendered, in 1845 and 1846, 
to Messrs. Squier and Davis, and were embodied with due 
acknowledgments, in their memoir constituting the first vol- 
ume of the Smithsonian ^^Contributions to Knowledge." A 
further installment of results was published in 1860, as one of 
the Smithsonian '^contributions," and another in 1862.'' Nu- 

•Ferruginous quartz from Menominee river, pp. 12. (Cleveland 
Acad. Nat. Sci., Dec. 11, 1856). The Penokie mineral range, Ashland 
county, Wis., 4to, pp. 10. (Proc. Bos. Soc. Nat. Hist., 1863). Report 
upon the Magnetic Iron property, Ashland county, Wis. Maps. pp. 7« 
The Menominee iron region, pp. 4. (Kirtland Soc. Nat. Sci., Cleve- 
land, 1880). 

^'^ Copper Regions of lake Superior, 12 mo. pp. 64, 1846. Report of 
exploratioHH on the south side of lake Superior, in Wisconsin, with 
fine map, 4to, pp. 23. (D. I). Owen's Geological Rep., Washington, 
1852). The Penokee copper range. (Pamphlet, 1864.) 

" Agricultural resources of the Upper Peninsula of Michigan. (Mich. 
Agric. Rep., Nov. 1854). Mineral resources of the Rocky mountains, 
pp. t>4, colored map, small, 8vo, 1865. Origin of mountain chains, pp. 
4. (Proc. A. A. A. Sci., Portland, 1S73). Physical Greology of lake 
Superior. Illus. and map, pp. 12. (Proc. A. A. A. Sci., Detroit, 1875). 
On the origin of mineral veins, pp. 4. (Proc. A. A. A. Sci., Buffalo^ 
1876.) 

" Ancient Earth- works in Ohio, 4to, 7 plates, pp. 20. (Smithsonian 
Contributions, vol. in. Art. 7). Ancient mining on the shores of lake 
Superior, 4to, pp. 29, colored folding map and illustrations. (Smith- 
sonian Contributions.) 
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merous other archseological papers were published through 
periodical and other channels." 

We have not space for entering into further details. Colonel 
Whittlesey's position as an archseologist is attested by such 
reputable and competent judges as Robert Clarke, John D. 
Short, John D. Baldwin, Sir Daniel Wilson, Sir John Lubbock 
and the Marquis de Nadaillac. 

His interest in historical subjects was followed by success- 
ful efforts toward accumulating and preserving the materials 
of history. He zealously promoted the purchase of the 
St. Clair papers by the State of Ohio, published in 1882. He 
was very prominent in the project which ended in the publi- 
cation of the Margry papers in Paris — papers so highly appre- 
ciated by Parkman, and by the late president Garfield. As 
member and president of the Western Reserve Historical 
Society, he was instrumental in securing much material, and 
contributed twenty-two historical tracts to its publications, 
besides the archseological ones already mentioned. His his- 
torical papers relate chiefly to the Northwest. They are gen- 
erally brief; but his History of Cleveland (1867) is a volume 
of 487 pages ; and several other contributions extend to 30 or 
40 pages. In 1852 a selection of seventeen of his productions, 
mostly historical, was republished in a 12mo volume of 397 
pages, under the title of "Fugitive Essays." ^* 

In his relations to religion. Judge C. C. Baldwin records of 
him the following estimate : "He was a profoundly religious 
man, never ostentatiously so; but to him religion and science 
were twin and inseparable companions. They were in his 
life and thought, and he wished to, and did, live to express in 
print his sense that the God of science was the God of religion; 
and that the Maker had not lost power over the thing made." 
"He rounded and finished his character as he finished his life, 
by joint and hearty affection and service to the two joint in- 
struments of God's revelation, for so he regarded them." ♦ * * 
"He had no patience with materialism," testified his pastor, 

"The Hesperian, July, 1839; Annals of Science, 1852; Mem. Bos. 
Soc. Nat. Hist., 1867; Proc. A. A. A. Sci., 1851, 1868, 1871 (2 art.), 
1875; Western Reserve Histor. Soc, 1871, 1872, 1876, 1877, 1878, 1879, 
1880, 1881 ; Proc. State Archseol. Soc, 1876, 60 pp. with many Illus. 
Journal of Engineers, 1883. 

^^ Hudson, Ohio, Sawyer, IngersoU & Co. 
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^^but, in his mature strength of mind, had harmonized the facts 
of science with the truths of religion.'* 

Colonel Whittlesey in his life was simple, honest, earnest, 
positive and patriotic. In his later years he suffered much 
from bodily ills ; but he never remitted his intellectual labors. 
A stranger would never have suspected the infirmities under 
which he sent forth during 1885 and 1886, his rapid succession 
of papers on scientific and theological themes. When the 
present writer had congratulated him in the long preservation 
of sufficient vigor to endure such arduous labors, he was quite 
astonished when his venerable friend wrote in reply — at the 
suggestion of his watchful and helpful wife, as he said — a cat- 
alogue of the distressing bodily ailments from which he suf- 
fered. "Ah, sir," he said, "you would not suspect that all these 
productions have come from the hand of an infirm old man, 
prostrate and helpless in his bed and on his back. 

The completion of the seven theological essays referred to 
brought him the assurance that his work was now complete. 
In a few days after he had penned his last line he breathed his 
last breath. The faithful partner of his long and useful Ufe 
did not long survive him. Honor to the memory of \)oth. 

THE MATHEMATICAL THEORIES OF THE BARTH.« 

By R. S. Woodward. 

The name of this Bection, which, by your courtesy, it is my duty to 
address to-day, implies a community of interest among astronomers and 
mathematicians This community of interest it is not difficult to 
explain. We can of course imagine a considerable body of astronomi- 
cal facts quite independent of mathematics. We can also imagine a 
much larger body of mathematical facts quite independent of and iso- 
lated from astronomy. But we never think of astronomy in the large 
sense without recognizing its dependence on mathematics, and we 
never tliink of mathematics as a whole without considering its capital 
applications in astronomy. 

'^ In the list of colonel Whittlesey's writings are fourteen titles 
touching religious themes — one each in 1871, 1874, 1875, 1879, 1880, 
two in 1878, and seven in 1886, the last year of his life, which have 
been republished in a pamphlet of 39 pages, entitled, ''Theism and 
Atheism in Science." It mav be added that the full list of Colonel 
Whittlesey's publications embraces: Historical, 66; archaeological, 
23; geological, 72; biographical, 7; scientific and miscellaneous, 22; 
religious, 14; total, 194. 

*Vico-presideDtial address before the Section of Mathematics and Astraomyof 
the American Association for the Advancement of Science, at Toronto, O t., Aug. 
28-Sept. 3. 
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Of all the subjects and objects of common interest to us the earth 
will easily rank first. The earth furnishes us with a stable foundation 
for instramental work and a fixed line of reference, whereby it is pos- 
sible to make out the orderly arrangement and procession of our solar 
system and to gain some inkling of other systems which lie within 
telescopic range. The earth furnishes us with a most attractive store 
of real problems : its shape, its size, its mass, its precession and 
nutation, its internal heat, its earthquakes and volcanoes, and its ori- 
gin and destiny, are to be classed with the leading questions for astron- 
omical and mathematical research. We must of course recognize the 
claims of our friends the geologists to that indefinable something 
called the earth's crust, but, considered in its entirety and in its rela- 
tions to similar bodies of the universe, the earth has long been the 
special province of astronomers and mathematicians. Since the times 
of Galileo and Kepler and Copernicus it has supplied a perennial stim- 
ulus to observation and investigation, and it promises to tax the 
resources of the ablest observers and analysts for some centuries to 
come. The mere mention of the names of Newton, Bradley, d'Alem- 
bert, Laplace, Fourier, Gauss, and Bessel calls to mind not only a long 
list of inventions and discoveries, but the most important parts of 
mathematical literature. In its dynamical and physical aspects the 
earth was to them the principal object of research, and the thorough- 
ness and completeness of their contributions toward an explanation of 
the "system of the world" are still a source of wonder and admiration 
to all who take the trouble to examine their works. 

A detailed discussion of the known properties of the earth and of the 
hypotheses concerning the unknown properties, is no fit task for a 
summer afternoon ; the intricacies and delicacies of the subject are 
suitable only for another season and a special audience. But it has 
seemed that a somewhat popular review of the state of our mathemat- 
ical knowledge of the earth might not be without interest to those 
already familiar with the complex details, and might also help to 
increase that general interest in science, the promotion of which is one 
of the most important functions of this association. 

As we look back through the light of modern analysis, it seems 
strange that the successors of Newton, who took up the problem of the 
shape bf the earth, should have divided into hostile camps over the 
question whether our planet is elongated or fiattened at the poles. 
They agreed in the opinion that the earth is a spheroid, but they 
debated, investigated, and observed for nearly half a century before 
deciding that the spheroid is oblate rather than oblong. This 
was a critical question, and its decision marks perhaps the most 
important epoch in the history of the figure of the earth. The New- 
tonian view of the oblate form found its ablest supporters in Huyghens, 
Maupertuis, and Clairaut, while the erroneous view was maintained 
with great vigor by the justly distinguished Cassinian school of astron- 
omers. Unfortunately for the Cassinians, defective measures of a 
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meridional arc in France gave color to the false theory and fnmished 
one of the most conspicuous instances of the deterring effect of an 
incorrect observ^ation. As you well know, the point was definitely 
settled by Maupertuis's measurement of the Lapland arc. For this 
achievement his name has become famous in literature as well as in 
science, for his friend Voltaire congratulated him on having "flattened 
the poles and the Cassinis/' and Carlisle has honored him with the title 
of "Earth flattener." 

Since the settlement of the question of the form, progress towards a 
knowledge of the size of the earth has been consistent and steady, 
until now it may be said that there are few objects with which we have 
to deal whose dimensions are so well known as the dimensions of the 
earth. But this is a popular statement, and like most such needs to 
be explained in order not to be misunderstood. Both the size and 
shape of the earth are defined by the lengths of its equatorial and polar 
axes ; and, knowing the fact of the oblate spheroidal form, the lengths 
of the axis may be found within narrow limits from simple measure- 
ments conducted on the surface, quite independently of any knowl- 
edge of the interior constitution of the earth. It is evident in fact, 
without recourse to mathematical details, that the length of any arc, 
as a degree of latitude or longitude, on the earth's surface, must 
depend on the lengths of those axes. Conversely it is plain that the 
measurement of such an arc on the surface and the determination of 
its geographical position, constitute an indirect measurement of the 
axes. Hence it has happened that scientific as distinguished from 
practical geodesy has been concerned chiefly with such linear and 
astronomical measurements, and the zeal with which this work 
has been pursued is attested by triangulations on every continent. 

Passing over the earlier determinations as of historical interest only , 
all of the really trustworthy approximations to the lengths of the axes 
have been made within the half century just passed. The first to 
appear of these approximations were the well-founded values of Airy, 
published in 1830. These, however, were almost wholly overshadowed 
and supplanted eleven years later by the values of Bessel, 
whose spheroid came to occupy a most conspicuous place in 
geodesy for more than a quarter of a century. Knowing as we 
now do that Bessel's values were considerably in error, it 
seems not a little remarkable that they should have been so 
long accepted without serious question. One obvious reason is 
found in the fact that a considerable lapse of time was essential for 
the accumulation of new data, but two other possible reasons of a 
difl*erent character are worthy of notice, because they are interesting 
and instructive whether specially applied to this particular case or 
not. It seems not improbable that the close agreement of the values 
of Airy and Bessel, computed independently and by diff*erent methods, 
— the greatest discrepency being about one hundred and fifty feet, — 
may have been incautiously interpreted as a confirmation of Bessel's 
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dimensions, and hence led to their too ready adoption. It seems 
also not improbable that the weight of Bessel's great name may have 
been too closely associated in the minds of his followers with the 
weight of his observations and results. The sanction of emi- 
nent authority, especially if there is added to it the stamp of an 
official seal, is sometimes a serious obstacle to real progress. We 
can not do less than accord to Bessel the first place among the astron- 
omers and geodesists of his day, but this is no adequate justification 
for the exaggerated estimate long entertained of the precision of the 
elements of his spheroid. 

The next step in the approximation was the important one of Clarke 
in 1866. His new values showed an increase over Bessel's of about 
half a mile in the equatorial semi-axis and about three-tenths of a 
mile in the polar semi* axis. Since 1866 general Clarke has kept pace 
with the accumulating data, and given us so many different elements 
for our spheroid that it is necessary to affix a date to any of his values 
we may use. The later values, however, differ but slightly from the 
earlier ones, so that the spheroid of 1866, which has come to be pretty 
generally adopted, seems likely to enjoy a justly greater celebrity than 
that of its immediate predecessor. The probable error of the axes of 
this spheroid is not much greater than the hundred thousandth part, 
and it is not likely that new data will change their lengths by more 

than a few hundred feet. 

In the present state of science, therefore, it may be said that the 

first order of approximation to the form and dimensions of the earth 
has been successfully attained. The question which follows naturally 
and immediately is, how much further can the approximation be car- 
ried? The answer to this question is not written, and the indications 
are not favorable for its speedy announcement. The first approxima- 
tion, as we have seen, requires no knowledge of the interior density 
and arrangement of the earth's mass; it proceeds on the simple 
assumption that the sea suriace is closely spheroidal. The second 
approximation, if it be more than a mere interpolation formula, 
requires a knowledge of both the density and arrangement of the con- 
stituents of the earth's mass, and especially of that part called the 
crust. ''All astronomy," says Laplace, ''rests on the stability of the 
earth's axis of rotation." In a similar sense we may say all geodesy 
rests on the direction of the plumb-line. The simple hypothesis of a 
spheroidal form assumes that the plumb-line is everywhere coincident 
with the normal to the spheroid, or that the surface of the spheroid 
coincides with the level of the sea. But this is not quite correct. The 
plumb-line is not in general coincident with the normal, and the 
actual sea level or geoid must be imagined to be an irregular surface 
l3ring partly above and partly below the ideal spheroidal surface. 
The deviations, it is true, are relatively small, but they are in general 
much greater than the unavoidable errors of observation, and they 
are the exact numerical expression of our ignorance in this branch 
of geodesy. It is well known, of course, that deflections of the plumb- 
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line can sometimes be accounted for by Tisible masses, but on the 
whole it must be admitted that we possess only the yaguest notions 
of their cause and a most inadequate knowledge of their distribution 
and extent. 

What is true of plum-line deflections is about equally true of the 
deviations of the intensity of gravity from what may be called the 
spheroidal type. Given a closely spheroidal form of the sea level and 
it follows from the law of gravitation, as a first approximation, without 
any knowledge of the distribution of the earth's mass, that the increase 
of gravity varies as the square of the sine of the latitude in passing 
from the equator to the poles. This is the remarkable theorem of 
Stokes, and it enables us to determine the form of ellipticity of the 
earth, by means of pendulum observations alone. It must be 
admitted, however, that the values for the ellipticity recently obtained 
in this way by the highest authorities, Clarke and Helmert, are far 
from satisfactory, whether we regard them in the light of their dis- 
crepency or in the light of the different methods of computing them. 
In general terms we may say that the difficulty in the way of the use 
of pendulum observations still hinges on the treatment of local anoma- 
lies and on tlie question of reduction to sea level. At present the case 
is one concerning which the doctors agree neither in their diagnosis 
nor in their remedies. 

Turning attention now from the surface, towards the interior, what 
can be said of the earth's mass as a whole, of its laws of distribution, 
and of the pressures that exist at great depths ? Two facts, namely, 
the mean density and the surface density, are roughly known ; and a 
third fact, namely, the precession constant, or the ratio of the diflfer- 
ence of the two principal moments of inertia to the greater of them, is 
known with something like precision. These facts lie within the domain 
of observation, and require only the law of gravitation for their veri- 
fication. Certain inferences also from these facts and others have long 
been and still are held to be hardly less cogent and trustworthy, but 
before stating them, it will be well to recall briefly the progress of 
opinion concerning this general subject during the past century and a 
half. 

The conception of the earth as having been primitively fluid was the 
prevailing one among mathematicians before Clairaut published his 
*' Th^orie de la Figure de la Terre " in 1743. By the aid of this con- 
ception Clairaut proved the celebrated theorem which bears his name, 
and probably no idea in the mechanics of the earth has been more sug- 
gestive and fruitful. It was the central idea in the elaborate investi- 
gations of Laplace, and received at his hands a development which his 
successors have found it about equally difficult to displace or to im- 
prove. From the idea of fluidity spring naturally the hydrostatical 
notions of pressure and level surfaces, or the arrangement of fluid 
masses in strata of uniform density. Hence follows, also, the notion 
of continuitv of increase in density from the surface towards the center 
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of the earth. All of the principal mechanical properties and effects of 
the earth's mass, viz., the ellipticity, the surface density, the mean 
density, the precession constant, and the lunar inequalities were cor- 
related by Laplace in a single hypothesis, involving only one assump- 
tion in addition to that of original fluidity and the law of gravitation. 
This assumption relates to the compressibility of matter, and asserts 
that the ratio of the increment of pressure to the increment of density 
s proportional to the density. Many interesting and striking con- 
clusions follow readily from this hypothesis, but the most interesting 
and important are those relative to density and pressure,' especially 
the latter, whose dominance as a factor in the mechanics of celestial 
masses seems destined to survive whether the hypothesis stands or 
falls. The hypothesis requires that while the density increases slowly 
from something less than 3 at the surface to about 11 at the center of 
the earth, the pressure within the mass increases rapidly below the 
surface, reaching a value surpassing the crushmg strength of steel at 
the depth of a few miles, and amounting at the center to no less than 
three million atmospheres. The inferences, then, as distinguished 
from the facts, are that the mass of the earth is very nearly symmetri- 
cally disposed about its centroiof gravity, that pressure and density 
except near the surface are mutually dependent, and that the earth in 
reaching this stage has passed through the fluid or quasi-fluid state. 

Later writers have suggested other hypotheses for a continuous dis- 
tribution of the earth's mass, but none of them can be said to rival the 
hypothesis of Laplace. Their defects lie either in not postulating a 
direct connection between density and pressure or in postulating a con- 
nection which implies extreme or impossible values for these and other 
mechanical properties of the mass. 

It is clear from the positiveness of his language in freiiuent allusions 
to this conception of the earth, that Laplace was deeply impressed 
with its essential correctness. * 'Observations," he says, "prove in- 
contestably that the densities of the strata [couches] of the terrestrial 
spheroid increase from the surface to the center ;" and **the regularity 
with which the observed variation in lengths of a seconds pendulum 
follows the law of the squares of the sines of the latitudes, proves that 
the strata are arranged symmetricall v about the center of gravity of the 
earth." The more recent investigations of Stokes, to which allusion 
has already been made, forbid our entertaining anything like so confi- 
dent an opinion of the earth's primitive fluidity or of a symmetrical 
and continuous arrangement of its strata. But, though it must be 
said that the sufliciency of Laplace's arguments has been seriously 
impugned, we can hardly think the probability of the correctness of 
his conclusions has been proportionately diminished. 

Suppose, however, that we reject the idea of original fluidity. 
Would not a rotating mass of the size of the earth assume Anally tlie 
same aspects and properties presented by our planet? Would not 
pressure and centrifugal force suffice to bring about a central condensa- 
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tion and a symmetrical arrangement of strata similar at least to that 
required by the Laplacian hypothesis? Categorical answers to these 
questions can not be given. But whatever may have been the ante- 
cedent condition of the earth's mass, the conclusion seema unavoida- 
ble that at no great depth the pressure is sufficient to break down the 
structional characteristics of all known ^substances, and hence to pro- 
duce viscous flow whenever and wherever the stress difference exceeds 
a certain limit, which can not be large in comparison with tl^e pres- 
sure. Purely observational evidence also of a highly affirmative kind 
in support of this conclusion, is afforded by the remarkable results of 
Tresca's experiments on the flow of solids and by the abundant proofs 
in geology of the plastic movements and viscous flow of rocks. With 
such views and facts in mind, the fluid stage considered indispensable 
by Laplace, does not appear necessary to the evolution of a planet, 
even if it reach the extreme refinement of a close fulfilment of some 
such mathematical law as that of his hypotheses. If, as is here 
assumed, pressure be the dominant factor in such large masses, the 
attainment of a stable distribution would be simply a question of time. 
The fluid mass might take on its normal form in a few days or a few 
months, whereas the viscous mass might require a few thousand or a 
few million years. 

Some physicists and mathematicians, on the other hand, reject both 
the idea of the existence of great pressures within the earth's mass, 
and the notion of au approach to continuity in the distribution of 
density. As representing this side of the question, the views of the 
late M. Roche, who wrote much on the constitution of the earth, are 
worthy of consideration. He tells us that the very magnitude of the 
central pressure computed an the hypothesis of fluidity is itself a 
peremptory objection to that hypothesis. According to his conception, 
the strata of the earth from the center outwards are substantially self- 
supporting and unyielding. It does not appear, however, that he had 
submitted this conception to the test of numbers, for a simple calcula. 
tion will show that no materials of which we have any knowledge 
would sustain the stress in such shells or domes. If the crust of the 
earth were self-supporting, its crushing strength would have to be 
about thirty times that of the best cast steel or five to one thousand 
times that of granite. The views of Roche on the distribution of ter- 
restrial densities appear equally extreme. He prefers to consider the 
mass as made up of two distinct parts, an outer shell or crust whose 
thickness is about one-sixth of the earth's radius, and a solid nucleus 
having little or no central condensation. The nucleus is conceived to be 
purely metallic, and to have about the same density as iron. To 
account for geological phenomena, he postulates a zone of fusion sep- 
arating the crust from the nucleus. The whole hypothesis is consist- 
ently worked out in conformity with the requirements of ellipticity, the 
superficial density, the mean density, and precession ; so that to one 
who can divest his mind of the notion that pressure and continuity are 
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important factors in the mechanics of such masses, the picture which 
Roche draws of the constitution of our planet will present nothing 
incongruous. 

In a field so little explored and so inaccessible, though hedged about 
as we have seen by certain sharply limiting conditions, there is room 
for a wide range of opinion and for great freedom in the play of 
hypothesis ; and though the preponderance of evidence appears to be 
in favor of a terrestrial mass in which the reign of pressure is well- 
nigh absolute, we should not be surprised a few decades or centuries 
hence to find many of our notions on this subject radically defective. 
If the problem of the constitution and distribution of the earth's 
mass is yet an obscure and difficult one after two centuries of observa- 
tion and investigation, can we report any greattr degree of success in 
the treatment of that still older problem of the earth's internal heat, 
of its origin and effects ? Concerning phenomena always so impressive 
and often so terribly destructive as those intimately connected with the 
terrestrial store of heat, it is natural that there should be a considera- 
ble variety of opinion. The consensus of such opinion, however, has 
long been in favor of the hypothesis that heat is the active cause of 
many and a potent factor in most of the grander phenomena which 
geologists assign to the earth's crust ; and the prevailing interpretation 
of these phenomena is based on the assumption that our planet is a 
cooling sphere whose outer shell or crust is constantly cracked and 
crumpled in adjusting itself to the shrinking nucleus. 

The conception that the earth was originally an intensely heated and 
molten mass appears to have first taken something like definite form 
in the minds of Leibnitz and Descartes. But neither of these philoso- 
phers was armed with the necessary mathematical equipment to sub- 
ject this conception to the test of numerical calculation. Indeed it 
was not fashionable in their day, any more than it is with some phil- 
osophers in ours, to undertake the drudgery of applying the machinery 
of analysis to the details of an hypothesis. Nearly a century elapsed 
before an order of intellects capable of dealing with this class of ques- 
tions appeared. It was reserved for Joseph Fourier to lay the founda- 
tion and build a great part of the superstructure of our modern theory 
of heat diffusion, his avowed desire being to solve the great problem 
of terrestrial heat. **The question of terrestrial temperatures," he 
says, "has always appeared to us one of the grandest objects of cosmo- 
logical studies, and we have had it constantly in view in establishing 
the mathematical theory of heat." This ambition, however, was only 
partly realized. Probably Fourier underestimated the difficulties of 
his problem, for his most ingenious and industrious successors in the 
same field have made little progress beyond the limits he attained. 
But the work he left is a perennial index to his genius. Though quite 
inadequately appreciated by his contemporaries, the * 'Analytical The- 
ory of Heat," which appeared in 182§, is now conceded to be one of 
the epoch-making books. Indeed, to one who has caught the spirit 
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of the extraordinary analysis which^Fourier developed and illustrated 
by numerous applications in this treatise, it is evident that he opened 
a field whose resources are still far from being exhausted. A little 
later Poisson took up the same class of questions and published anoth- 
er great work on the mathematical theory of heat. Poisson narrowly 
missed being the foremast mathematician of his day. In originality, 
in wealth of mathematical reHources, and in breadtli of grasp of phys- 
ical principles, he was the peer of the ablest of his contem|>orarie8. 
In lucidity of exposition it would be enough to say that he was a 
Frenchman, but he seems to have excelled in this peculiarly national 
trait. His contributions to the theory of heat have been somewhat 
overshadowed in recent times by the earlier and perhaps more bril- 
liant researches of Fourier, but no student can afibrd to take up that 
enticing though difRcult theory without the aid of Poisson as well as 
Fourier. 

It is natural, therefore, that we should inquire what opinions these 
great masters in the mathematics of heat diffusion held concerning the 
earth's store of heat. I say * 'opinions,'* for, unhappily, the whole sub- 
ject is still so largely a matter of opinion that in discussing it one may 
not inappropriately adopt the famous caution of Marcus Aurelius, — 
"Remember that all is opinion.'* It does not appear that Fourier 
rea(;hed any definite conclusion on this question, though he seems to 
have favored this view that the earth in cooling from an earlier state 
of incandescence reached finally, through convection, a condition in 
which there was a uniform distribution of heat throughout its mass. 
This is the consiMenioir status of Leibnitz, and it begins with the for- 
mation of the earth's crust if not with the consolidation of the entire 
mass. It thus afTords an initial distribution of heat and an epoch 
from which analysis may start, and the problem for the mathematician 
is to assign the subsequent distribution of heat and the resulting 
mechanical effects. But no great amount of reflection is necessary to 
convince one that the analysis can not proceed without making a few 
more assumi)tions. The assumptions which involve the least diflBculty, 
and which for this reason partly have met with most favor, are that 
the conductivity and thermal capacity of the entire mass remain con- 
stant, an<l that the heat conducted to the surface of the earth passes 
off by the combined i)rocess of radiation, convection, and conduction, 
without producing any sensible eff*ect on surrounding space. These 
or similar assumptions must be made before the application of theory 
ran begin. In addition, two data are essential to numerical calcula- 
tions, namely, the diff'usivity, or the ratio of the conductivity of the 
mass to its thermal capacity, and the initial uniform temperature. 
The first of these can be observed ai)proximately at least ; the second 
can only be estimated at present. With respect to these important 
points which nmst bo considered after the adoption of the consistentoir 
(status, the writings of Fourier afford little light. He was content, per- 
haps, to invent and develoj) the exquisite analysis requisite to the 
treatment of such problems. 
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Poisson wrote much on the whole subject of terrestrial temperatures, 
and carefully considered most of the troublesome details which lay 
between his theory and its application. While he admitted the neb- 
ular hypothesis and an initial fluid state of the earth, he rejected the 
notion that the observed increase of underground temperature is due 
to a primitive store of heat. If the earth was originally fluid by reason 
of its heat, a supposition which Poisson regarded quite gratuitous, he 
conceived that it must cool and consolidate from the center outwards ; 
so that according to this view the crust of our planet arrived at a con- 
dition of stability only after the supply of heat had been exhausted. 
But Poisson was not at a loss to account for the observed temperature 
gradient in the earth's crust. Always fertile in hypothesis, he ad- 
vanced the idea that there exist, by reason of interstellar radiations, 
great variations in the temperature of space, some vast regions being 
comparatively cool and others intensely hot, and the present store of 
terrestrial heat was acquired by a journey of the solar system through 
one of the hotter regions. **Such is," he says, *'in my opinion, the 
true cause of the augmentation of temperature which occurs as we 
descend below the surface of the globe." This hypothesis was the 
result of Poisson's mature reflection, and as such is well worthy of 
attention. The notion that there exist hot foci in space was advanced 
also in another form in 1852 by Kankine, in his interesting speculation 
on the reconcentration of energy. But whatever we may think of the 
hypothesis as a whole, it does not appear to be adequate to the case 
of the earth unless we suppose the epoch of transit through the hot 
region exceedingly remote and the temperature of that region exceed- 
ingly high. The continuity of geological and pala^ontological phenom- 
ena is much better satisfied by the Leibnitzian view of an earth long 
subject to comparatively constant surface conditions but still active 
with the energy of its primitive heat. 

Notwithstanding the indefatigable and admirable labors of Fourier 
and Poisson in this field, it must be admitted that they accomplished 
little more than the preparation of the machinery with which their 
successors have sought and are still seeking to reap the harvest. The 
difliculties which lay in their way were not mathematical but physi- 
cal. Had they been able to make out the true conditions of the 
earth's store of heat, they would undoubtedly have reached a high 
grade of perfection in the treatment of the problem. The theory as 
they left it was much in advance of observation, and the labors of their 
successors have therefore necessarily been directed largely towards 
the determination of the thermal properties of the earth's crust and 
mass. 

Of those who in the present generation have contributed to our 
knowledge and stimulated the investigation of this subject, it is hard- 
ly necessary to say that we owe most to Sir William Thomson. He 
has made the question of terrestrial temperatures highly attractive and 
instructive to astronomers and mathematicians, and not less warmly 
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interesting to geologists and palaeontologists. Whether we are pre- 
pared to accept his conclusions or not, we most all acknowledge our 
indebtedness to the contributions of his master hand in this field as 
well as in most other fields of terrestrial physics. The contribation of 
special interest to us in this connection is his remarkable memoir on 
the secular cooling of the earth. In this memoir he adopts the simple 
hypothesis of a solid sphere whose thermal properties remain invaria- 
ble while it cools by conduction from an initial state of uniform tem- 
perature, and drav^s therefrom certain striking limitations on geologic 
time. Many geologists were startled by these limitations, and geo- 
logic thought and opinion have since been widely influenced by them. 
It will be of interest, therefore, to state a little more fully and clearly 
the grounds from which his arguments proceed. Conceive a sphere 
having a uniform temperature initially, to cool in a medium which 
instantly dissipates all heat brought by conduction to its surface, thus 
keeping the surface at a constant temperature. Suppose we have 
given the initial excess of the sphere's temperature over that of the 
medium. Suppose also that the capacity of the mass of the sphere for 
difiusion of heat is known, and known to remain invariable during the 
process of cooling. This capacity is called difi'usivity, and is a con- 
stant which can be observed. Then from these data the distribution 
of temperature at any future time can be assigned, and hence also the 
rate of temperature increase, or the temperature gradient, from the 
surface towards the center of the sphere can be computed. It is tol- 
erably certain that the heat conducted from the interior to the surface 
of the earth does not set up any reaction which in any sensible degree 
retards the process of cooling. It escapes so freely that, for practical 
purposes we may say it .is^instantly dissipated. Hence if we can 
assume that the earth had a specified uniform temperature at the 
initial epoch, and can assume its difi'usivity to remain constant, the 
whole history of cooling is known as soon as we determine the difTus- 
ivity and the temperature gradient at any point. Now Sir William 
Thomson determined a value for the difiusivity from measurements of 
the seasonal variations of underground temperatures, and numer- 
ous observations of the increase of temperature with depth below the 
earth's surface gave an average value for the temperature gradient. 
From these elements and from an assumed initial temperature of 
7,000^, he infers that geologic time is limited to something between 
twenty million and four hundred million years. He says : ** We must 
allow very wide limits in such an estimate as I have attempted to 
make ; but I think we may with much probability say that the con- 
solidatio]! can not have taken place less than twenty million years ago, 
or we should have more underground heat than we actually have, nor 
more than four hundred million years ago, or we should not have so 
much as the least observed underground increment of temperature. 
That is to say, I conclude that Leibnitz's epoch of emergence of the 
consistentior status was probably between those dates." These conclu- 
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Bions were announced twenty-seven years ago, and were republished 
without modification in 1883. 

Recently, also, professor Tait, reasoning from the same basis, has 
insisted with equal confidence on cutting down the upper limit of 
geologic time to some such figures as ten million or fifteen million 
years. As mathematicians and astronomers, we must all confess to a 
deep interest in these conclusions and the hypothesis from which they 
flow. They are very important if true. But what are the probabili- 
ties? Having been at some pains to look into this matter, I feel 
bound to state that, although the hypothesis appears to be the best 
which can be formulated at present, the odds are against its correct- 
ness. Its weak links are the unverified assumptions of an initial uni- 
form temperature and a constant difi'usivity. Very likely these are 
approximations, but of what order we can not decide. Furthermore, 
if we accept the hypothesis the odds appear to be against the present 
attainment of trustworthy numerical resultp, since the data for calcu- 
lation obtained mostly from observations on continental areas are far 
too meagre to give satisfactory average values for the entire mass of 
the earth. In short, this phase of the case seems to stand about 
where it did twenty years ago, when Huxley warned us that the per- 
fection of our mathematical mill is no guaranty of the quality of the 
grist, adding that, "as the grandest mill will not extract wheat-flour 
from peas-cods, so pages of formulae will not get a deflnite result out 
of loose data." 

When we pass from the restricted domain of quantitative results 
concerning geologic time to the freer domain of qualitative results of a 
general character, the contract ional theory of the earth may be said to 
still lead all others, though it seems destined to require more or less 
modification, if not to be relegated to a place of secondary importance. 
Old as is the notion that the great surface irregularities of the earth 
are but the outward evidence of a crumpling crust, it is only recently 
that this notion has been subjected to mathematical analysis on any- 
thing like a rational basis. About three years ago Mr. T. Mellard 
Keade announced the doctrine that the earth's crust, from the joint 
efiect of its heat and gravitation, should behave in a way somewhat 
analagous to a bent beam, and should possess at a certain depth a 
"level of no strain," corresponding to the neutral surface in a beam. 
Above the level of no strain, according to this doctrine, the strata will 
be subjected to compression, and will undergo crumpling, while below 
that level the tendency of the strata to crack and part is overcome by 
pressure which produces what Reade calls "compressive extension," 
thus keeping the nucleus compact and continuous. A little later the 
same idea was worked out independently by Mr. Charles Davison, 
and it has since received elaborate mathematical treatment at the 
hands of Darwin, Fisher, and others. The doctrine requires for its 
application a competent theory of cooling, and hence can not be 
depended on at present to give anything better than a general idea of 
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the mechanics of crumpling and a rough estimate of the magnitudes 
of tlie resulting effects, losing Thomson's hypothesis, it appears that 
the stratum of no strain moves downward from the surface of the 
earth at a nearly constant rate during the earlier stages of cooling, 
but more slowly during later stages. Its depth is independent of the 
initial temperature of the earth ; and if we adopt Thompson's value of 
the diffusivity, it will be about two and a third miles below the surface 
in a hundred million years from the beginning of cooling and a little 
more than fourteen miles below the surface in seven hundred million 
years. The most important inference from this theory is that the 
geological effects of secular cooling will be confined for a very long 
time to a comparatively thin crust. Thus, if the earth is a hundred 
million years old, crumpling should not extend much deeper than 
two miles. A test to which the theory has been subjected, and one 
which some consider crucial against it, is the volumetric amount of 
crumpling show^n by the earth at the present time. This is a difficult 
quantity to estimate, b^t it appears to be much greater than the theory 
alone can account for. 

The opponents of the contractional theory of the earth, believing it 
(iuantitatively insufficient, have recently revived and elaborated an 
idea first suggested by Babbage and Herschel in explanation of the 
greater folds and movements of the crust. This idea figures the crust 
as being in a state bordering on hydrostatic equilibrium, which can- 
not be greatly di8tur])ed without a readjustment and consequent move- 
ment of the masses involved. According to this view, the transfer of 
any considerable load from one area to another is followed sooner or 
later by a depression over tl>e loaded area and a corresponding eleva- 
tion over the unloaded one ; and in a general way it is inferred that 
the elevation of continental areas tends to keep pace with erosion. 
The process by which this balance is maintained has been called 
*'isi>stacy,'* and the crust is said to be in an isostatic state. The dyna- 
mics of the superficial strata with the attendant phenomena of folding 
and faultinjr, are thus referred to gravitation alone, or to gravitation 
and whatever opposing force the rigidity of the strata may offer. In a 
mathematical sense, however, the theory of isostacy is in a less satis- 
factory state than the theory of contraction. As yet we can see only 
that isostacy is an efficient cause if once set in action; but how it is 
started and to what extent it is adequate remains to be determined. 
Moroov(*r isostacy alone does not seem to meet the requirements of 
jrenlogical continuity, for it tends rapidly towards stable equilibrium, 
and the crust ouj^lit therefore to reach a state of repose early in geologic 
time. P>ut tliere is no evidence that such a state has been attained, 
and but little if any evidence of diminished activity in crustal move- 
ment during recent jjjeologic time. Hence we infer that isostacy is 
competent only on the supposition that it is kept in action by some 
other cause tending constantly to disturb the equilibrium which would 
otherwise result. Such a cause is found in secular contraction, and it 
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is not improbable that these two seemingly divergent theories are 
really supplementary. 

Closely related to the questions of secular contraction and the 
mechanics of crust movements are those vexed questions of earth- 
quakes, volcanism, the liquidity or solidity of the interior, and the 
rigidity of the earth's mass as a whole, — all questions of the greatest 
interest but still lingering on the battlefields of scientific opinion. 
Many of the "thrice slain' ' combatants in these contests would fain 
risk being slain again ; and whether our foundation be liquid or solid, 
or to speak more precisely, whether the earth may not be at once 
highly plastic under the action of long continued forces and highly 
rigid under the action of periodic forces of short period, it is pretty 
^certain that some years must elapse before the arguments will be con- 
evincing to all concerned. The difficulties appear to be due princi- 
pally to our profound ignorance of the properties of matter subject to 
the joint action of great pressure and great heat. The conditions 
which exist a few miles beneath the surface of the earth are quite 
beyond the reach of laboratory tests as hitherto developed, but it is 
not clear how our knowledge is to be improved without resort to 
experiments of a scale in some degree comparable with the facts to be 
explained. In the mean time, therefore, we may expect to go on 
theorizing, adding to the long list of dead theories wliich mark the 
progress of scientific thought, with the hope of attaining the truth not 
so much by direct discovery as by the laborious process of eliminating 
error. 

When we take a more comprehensive view of the problems pre- 
sented by the earth, and look for light on their solution in theories of 
cosmogony, the difficulties which beset us are no less numerous and 
formidable than those encountered along special lines of attack. 
Much progress has recently been made, however, in the elaboration 
of such theories. Roche, Darwin, and others have done much to re- 
move the nebulosity of Laplace's nebular hypothesis. Poincar^ and 
Darwin have gone far towards bridging the gaps which have long ren- 
dered the theory of rotating fluid masses incomplete. Poincar<^ has 
in fact shown us how a homogeneous rotating mass might, through 
loss of heat and 'consequent contraction, pass from the spheroidal form 
to the Jacobian ellipsoidal form, and thence, by reason of its increas- 
ing speed of rotation, separate into two unequal masses. Darwin, 
starting with a swarm of meteorites and gravitation as a basis, has* 
reached many interesting and instructive results in the endeavor to 
trace out the laws of evolution of a planetary system. But notwith- 
standing the splendid researches of these and other investigators in 
this field, it must be said that the real case of the solar system, of tho 
earth and moon, still defies analysis ; and that the mechanics of the 
segregation of a planet from the sun or of a satellite from a planet, if 
such an event has ever happened, or of the mechanics of the evolution 
of a solar system from a swarm of meteorites, are still far from being 
clearly made out. 
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Time does not permit me to make anything but the briefest allusion 
to the comparatively new science of mathematical meteorology, with 
its already considerable list of well-defined theories pressing for 
acceptance or rejection. Nor need I say more with reference to thiMe 
older mathematical questions of the tides and terrestrial magnetism 
than that they are still unsettled. These and many other questions, 
old and new, might serve equally well to illustrate the principal fact 
this address has been designed to emphasize, namely, that the mathe- 
matical theories of the earth already advanced and elaborated are by 
no means complete, and that no mathematical Alexander need yet 
pine for other worlds to conquer. 

Speculations concerning the course and progress of science are 
usually untrustworthy if not altogether fallacious. But, being dele- 
gated for the hour to speak to and for mathematicians and astrono^ 
mers, it may be permissible to offer, in closing, a single suggestion, 
which will perhaps help us to orient ourselves aright in our varioos 
fields of research. If the curve of scientific progress in any domain of 
thought could be drawn, there is every reason to believe that it would 
exhibit considerable irregularities. There would be marked maxima 
and minima in its general tendency towards the limit of perfect 
knowledge ; and it seems not improbable that the curve would show 
throughout some portions of its length a more or less definitely peri- 
odic succession of maxima and minima. Races and communities as 
well as individuals,; the armies in pursuit of truth as well as those 
in pursuit of plunder, have their periods of culminating activity and 
their periods of placid repose. It is a curious fact that the history of 
the mathematical theories of the earth presents some such periodicity. 
We have the marked maximum of the epoch of Newton near the end 
of the seventeenth century, with the e(}ually marked maximum of the 
epoch of Lai)laco near tlie end of the eighteenth centuty ; and judging 
from the recent revival of geodesy and astronomy in Europe, and 
from the well-nigh general activity in mathematical and geological re- 
sean;h, we may hope if not expect that the end of the present century 
will signalize a similar epoch of productive activity. The minima peri- 
ods which followed the of epochs Newton and Laplace are less defi- 
nitely marked but not less noteworthy and instructive. They were 
not periods of placid repose ; to find such one must go back into the 
night of the mid<lle ages ; but they were periods of greatly dimished 
energy, periods during which those who kept alive the spirit of inves- 
tigation were almost as conspicuous for their isolation as for their 
distinguished abilities. Many causes, of course, contributed to pro- 
duce these minima periods, and it would be an interesting study in 
]>hilosophic history to trace out the tendency and efl'ect of each cause. 
It is desired here, however, to call attention to only one cause which 
contributed to the somewhat general apathy of the periods mentioned, 
and which always threatens to dampen the ardor of research immed- 
iately after the attainment of any marked success or advance. I refer 



^ 



Mathematical Theories of the Earth, — Woodward. 283 

to the impression of contentment with and acquiescence in the results 
of science, which seems to find easy access to trained as well as un- 
trained minds before an investigation is half completed or even fairly 
begun. That some such tacit persuasion of the completeness of the 
knowledge of the earth has at times pervaded scientific thought, there 
can be no doubt. This was notably the case during the period which 
followed the remarkable epoch of Laplace. The profound impression 
of the sufficiency of the brilliant discoveries and advances of that 
epoch is aptly described by Carlyle, in the half humorous, half sar- 
castic language of Sartor Resartus. "Our Theory of Gravitation," he 
says, "is as good as perfect : Lagrange, it is well known, has proved 
that the Planetary System, on this scheme, will endure forever; La- 
place, still more cunningly, even guesses that it could not have been 
made on any other scheme. Whereby, at least, our nautical Logbooks 
can be better kept ; and water transport of all kinds has grown more 
commodious. Of Geology and Geognosy we know enough ; what with 
thelaborsof our Werners and Huttons, what with the ardent genius 
of their disciples, it has come about that now, to many a Royal Soci- 
ety, the creation of a World is little more mysterious than the cooking 
of a dumpling; concerning which last, indeed, there have been minds 
to whom the question. How the apples were got in, presented difficul- 
ties.*' This was written nearly sixty years ago, about the time that 
the sage of Ecclefechan abandoned his mathematics and astronomy 
for literature to become the seer of Chelsea, but the force of its irony 
is still applicable for we have yet to learn essentially, "how the ap- 
ples were got in," and what kind they are. 

As to the future, we can only guess, less or more vaguely, from our 
experience in the past and from our knowledge of present needs. 
Though the dawn of that future is certainly not heralded by rosy 
tints of over confidence amongst those acquainted with the difficulties 
to be overcome, the prospect, on the whole, has never been more 
promising. The converging lights of many lines of investigation are 
now brought to bear on the problems presented by our planet. There 
is ample reason to suppose that our day will witness a fair average of 
those happy accidents in science which lead to the discovery of new 
principles and new methods. We have much to expect from the 
elaborate machinery and perfected methods of the older and more 
exact sciences of measuring and weighing — astronomy, geodesy, phys- 
ics and chemistry. We have more to expect, perhaps, from geology 
and meteorology, with their vast accumulation of facts not yet fully cor- 
related. Much, also may be anticipated from that new astronomy 
which looks for the secrets of the earth's origin and history in nebulous 
masses or in swarms of meteorites. We have the encouraging stimulus 
of very general and rapidly growing popular concern in the objects of our 
inquiries, and the freest avenues for the dissemination of new informa- 
tion ; so that we may easily gain the advantage of a concentration of 
energy without centralization of personal interests. To those, there- 
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fore, who can bring the prerequisites of endless patience and unflag- 
ging industry, who can bear alike the remorseless discipline of repeat- 
ed failure and the prosperity of partial success, the field is as wide 
and as inviting as it ever was to a Newton or Laplace. 



GEOLOGY IN THE HIGH SCHOOL. 

By Victor Clifton Aldirsom. 

To arrange the work in a single study in a high school so 
that it shall satisfy the demands of the college professor, who 
looks upon the high school as a fitting school for college, and 
the great mass of the community that thinks the girls must 
be prepared for teaching or clerkships, the boys for business, 
and a small minority for college, is no easy task. The follow- 
ing outline of work, freed from the limits of any single text 
book, and having as its field the subject of geology in its 
broadest sense, will serve to show the attempted solution of 
the problem as it is in operation in the Englewood (Chicago) 
high school, and may serve in some measure as a suggestion 
to other workers in other places. It may also show the spec- 
ialist how the simplest facts, so patent to him, may be adapted 
to the needs of the young. 

The first main object is to understand the home geology in 
whatever form that may be presented. With us, as long as 
the weather remains fine in the fall and after the frost is out of 
the ground in the spring, one or more excursions are made 
each week in the field. The first excursion is generally to the 
shore of lake Michigan. Hitherto the pupils' minds have 
been closed to a full realization of the forces of nature in oper- 
ation. That sand is made by the wearing away of pebbles, 
that pebbles have a life history, that sand dunes are made by 
the sand blown up from the beach, are wonderful revelations 
to them. These facts they can see, realize, and believe, and 
come home thinking that geology is the grandest study they 
ever pursued. Their enthusiasm might seem remarkable but 
the solution is clear. The field of their other studies has been 
the class room ; now they study the world and their class 
room becomes nature itself. On other excursions, they 
observe in the excavations for cellars and at the road cut- 
tings into the surrounding ridges, the stratified sand and 
gravel. These facts lead them to understand the proofs for 
the higher level of lake Michigan in past times. At Stony 
sland, ten miles south of Chicago, they find an anticlinal, 
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glaciated pepples, bowlder clay and glacial striae on the 
Niagara bed-rock. These facts, together with the observations 
on the many bowlders scattered over this region leads them 
on instinctively to the glacial theory as an explanation. The 
Niagara outcrops at south Chicago, eleven miles south of the 
city, at Bridgeport within the old city limits, at Hawthorne 
five miles west on the Chicago, Burlington & Quincy R.R., at 
. Thornton twenty miles south on the Chicago & Eastern Illi- 
nois R.R., and at Joliet, all of which places they visit, collect 
materials for their work and gather the nucleus of many pri- 
vate cabinets. From the bowlders they gather an almost end- 
less supply of specimens for the study of mineralogy and lith- 
ology. At south Chicago they gather Favosites niagareiiais^ 
Caryocrinus ornatus, Orthoceras acammonij Orthoceraa 
annulatum and beautiful samples of pyrites. At Bridgeport, 
the most fruitful field, they get Eucalyptocrinus chicagoensis^ 
E. ornatus, E cornutus var. excavatusy Icthyocrinus corbis, 
Amphicoelia neglecta^ Strophomena rhomboidalis, Olypto- 
crinus ornatus, and many other species. At Thornton they 
find Stromatopora concentrica, excellent specimens of geodes, 
and bitumen in abundance. At Joliet they find many speci- 
mens of Calymene niagerensis. They frequently find rare 
specimens, as Calyme7ie niagarensis at Stoney island — the 
first I have known to be found there. In fact hardly an excur- 
sion is made that does not develop some new fact about our 
home geology and their appetite becomes whetted for more 
discoveries. But the commoner forms, such as I have men- 
tioned, are the only ones that are made the basis of class 
room work and all are expected to find at least one specimen 
of each. 

Before each trip is made a list of questions and suggestions 
is given the class in order to enable them to observe the geo- 
logical features to be met. After the return as much time is 
taken as is needed for a retrospective view, discussion, and 
explanation of what has been seen. For example : one excur- 
sion is to a part of the ridge, or terrace known as Forest Hills. 
Where the road cuts into the terrace, stratified sand is found 
at the very top. The United States Geodetic Survey gives 
the altitude of Morgan park — which is at about the same level 
— at 84 feet above lake Michigan. Discussion then brings to 
light the facts relative to the former high level of the lake, the 
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discharge of its waters through the Desplaines and Illinois 
rivers, the lowering of the lake level and the present topogra- 
phy of Cook county. The principle underlying the Chicago 
drainage problem is then clearly understood and an eminently 
practical value is given to the study. The missionary 
work done by this one subject is very great, for the pupils 
invariably instruct their parents who are generally as ill- 
informed as the pupils themselves. 

While the field work is going on, two days of the week are 
devoted to that phase of the work, observation and discussion 
thereon — the remaining three are devoted to a study of min- 
eralogy and lithology. The work is purely experimental, the 
general line of Winchell's Excursions and Crosby's Common 
Rocks and Minerals being followed. The properties of the 
minerals and the characteristics of the rocks are not learned 
from the book, but from actual tests, and are tabulated for use 
in future investigation. Only those varieties are studied of 
which there are in the school cabinet enough to supply the 
entire class with one or more. The cabinet is somewhat pecu- 
liar in that it has been formed for this particular kind of work. 
It contains few really beautiful specimens and none for show, 
but has fully five hundred specimens of quartz in most of its 
forms, a hundred of the feldspars, an almost equal number of 
the micas, fifty garnets, seventy-five staurotides and others of 
the commoner varieties in almost equal abundance. As soon 
as the pupil acquires a knowledge of a few varieties he is 
required to select these, and give reasons for his selection, from 
a larger number that he has not yet studied. Thus he learns 
to discriminate between what he is sure he knows and what 
he is sure he does not know. Each day he adds to his knowl- 
edge by the study of a new mineral or rock, till finally his 
work consists of identifying a fresh box of assorted specimens 
each day. Soon they become so expert that they can identify 
and describe accurately all the varieties of minerals and rocks 
they will probably ever find and can with some study identify 
new varieties. The limited time — ten months — given to geol- 
ogy demands that the work on minerals and rocks shall stop 
at this point. The sand dunes on the lake shore, the wearing 
away of the crust by the waves, the glaciated surface of the 
bed rock at Stoney island, each starts inquiries upon atmos- 
pheric and aqueous agencies and the Glacial period. These 
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are treated separately and topically, not from a single text 
book, for the class has none, but through references to the 
standard works most of which are in the school library, and 
to such geological reports as we possess, viz. : of Indiana, 
Wisconsin, Ohio, the U. S. government, and some of the lUi- 
noifl reports. 

This ends the first great division of the geological year. The 
aim is to begin with the known and observed, going on to the 
unknown and unobserved; from facts to theories; it gives 
free scope to the proper use of the imagination by furnishing 
the pupils data from which they may construct new forms and 
conditions ; it teaches them to observe carefully, to reason 
inductively, and, what is of the most consequence, it teaches 
them that geology is not a bookish study, though books are 
profitable, but primarily an out-door study ; and by explain- 
ing the geological history of their environment, in a simple 
and conclusive manner, it makes the subject realistic and 
ennobling. 

The next phase is more theoretical — the evolution of the 
solar system. Beginning with the nebulous mass they trace 
out in succession the &t&t rotary motion, the formation of 
rings of planets, of moons, the gradual cooling and the forma- 
tion of the earth as a separate body. Then taking the earth 
as a whole they follow its history through the primeval era, 
the fire-formed crust, till the first land arose. Igneous agen- 
cies are studied in detail at this point. Attention is then 
directed to North America as a whole. Step by step the 
growth of the continent is followed. Geological maps of the 
continent at different epochs, geological sections and maps of 
particular regions are made. This part of the work is done 
slowly and with great care, so as to give the pupils a very 
clear idea of the gradual growth of the continent. Following 
this general view comes a study of the eras individually, their 
rock characteristics and fossil remains; then each era is 
divided into ages and these studied in a similar manner ; then 
the periods and groups. It might be supposed that this would 
result in mere word learning. Such is not the case, however. 
The school cabinet contains samples of rocks and fossils illus- 
trating nearly all the formations from the Laurentian to the 
Tertiary. The Mesozoic, though, is but little touched upon 
compared with the work done on the Palaeozoic — an unfortu- 
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nate state of aifairs, perhaps, but due to the fact that we have 
very little material from the Mesozoic. When the Hudson 
River group is reached there is material in abundance — a bush- 
el or so of fossils and hand specimens from Richmond, Indi- 
ana. Each pupil then begins the systematic study of palaeon- 
tology with a large box filled with a variety of fossils repre- 
senting the commoner species. In filling these boxes care is 
taken that each pupil shall receive not merely an assortment 
of species -but a dozen or fifteen specimens of each kind. 
These they first arrange in their own way by making piles of 
those that seem to them alike — a method for beginning that 
never fails to arouse their enthusiasm and cultivate their 
power of observation. At first their power to see differences 
and likenesses is very slight. They distinguish between 
Streptelaama corniculum and Strophomena altemata but 
not between S, alternata and any species of Streptorhynchus, 
Orthia hiforata and Rhynchonella copax they separate, but 
Orthis occidentalism Orthia ainuata and Orthia aubquadrata 
lie side by side in the same pile ; the corals are to them abso- 
lutely one species. When they have done all they are able to 
do in this way they are taught to separate the corals from all 
the rest ; then the trilobites, and generally have nothing left 
but molluscs. These they again separate till they get to the 
genus, species and variety. When at last they get to Stroph- 
oinena alternata yav. fracta, they know every distinguishing 
feature about it, and the reason for every term that can be 
applied to it correctly. After the work of classification is fin- 
ished they go still farther with a few e. g. Streptelaama. 
corniculum^ Strophomena alternata and Orthia biforata, 
studying in detail their internal as well as external character- 
istics. Similar work is done with Coal Measure fossils from 
La Salle, Illinois, and would be done with the Niagara fossils 
were it not for the impetuosity of youth, for in their rambles 
they find many Niagara fossils and their zeal is quite hot 
enough for identification at once. Consequently the remains 
in the Niagara are studied at almost all times in the year, 
though in the proper place the study is reviewed. The three 
groups mentioned are studied more carefully than the rest, 
merely l)ecause we happen to possess an abundance of material. 
Other groups would do as well. It must not be supposed that 
each point touched upon in this outline is treated exhaustively 
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— that would require a lifetime, but the most salient features 
are, at all times, the only ones noticed, so that the power to 
expunge becomes quite as useful as the power to insert. After 
the different groups are in turn studied the pupil finds himself 
at the point from which he started — the Glacial period. The 
old plan of beginning with the Archean because it was the first 
in point of time has no good reason to sustain it, especially 
if the pupils are immature. The error comes in supposing 
that the order of instruction must coincide with the develop- 
ment in order of time — a supposition to which the most char- 
itable rejoinder is that it is an egregious blunder. The young 
mind must begin with that which can be seen, be handled and 
experienced. The crude materials must be furnished the 
mind else there can be no proper use of the higher functions of 
imagination, reason and judgment. Hence the practical, also 
the psychological, order is to begin with the home geology, 
then going to the broadest view possible, the nebulous mass 
as a whole, then in turn, the earth. North America, and the 
particular region in which the study is pursued, keeping in 
mind the bearing of each new phase upon evolution and the 
progress of life from Eozodn canadense (if it be a form of life) 
to man as the crowning glory of all. 

THE PHOTOGRAPHIC SURVEY OP A STATE. 

By MORITZ FiBCHIB. 

During the progress of the geological survey of a state, a 
large amount of material is accumulated which usually serves 
as base for a state museum. Most of our state museums have 
originated in this manner ; the very nature of their origin is 
still upon them ; they illustrate the geology and economic re- 
sources of their respective states. 

Sueh a museum is of great value; its collections form a 
library to which resort both investor and man of science for 
accurate and reliable information. 

Now, while the material benefits resulting to a State from its 
museum may be demonstrated in dollars and cents, said 
museum possesses educational possibilities which have but 
rarely been utilized, and when the attempt has been made it 
has resulted in at least partial failure chiefly due to want of a 
natural base and background upon which to organize and 
against which to place the collections. 
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This base is man and the land upon which he dwells, the re- 
ciprocal influence of both, a relation from which sprung all 
civilizations and which with its attendant phenomena might 
well be called cultural geology. 

To represent these relations no art is better qualified in every 
way than that of photography. Below is given an outline of 
the photographic survey of a state which presents the rela- 
tions stated above in their natural sequence and which, it is 
hoped, may serve as a guide to those interested in such work. 

The photographs intended for museum purposes should all 
be on glass ; and if the process of coloring transparencies of 
which such beautiful examples were shown by the U. S. geo- 
logical survey at the Cincinnati Centennial, can be economic 
cally employed, a perfect and ideal representation of a com- 
monwealth and all that is embraced within its domain, becomes 
a possibility. 

It is evident that the result of such a survey can be utilized 
in a good many ways. For a home or foreign exposition noth- 
ing more desirable could be asked. All the numerous demands 
for accurate illustrations required by the many professions 
and arts of the day can well be supplied from this source. 
The employment of this material for home decoration is an- 
other possibility. Perfect in color and outline, light and shade, 
these transparencies should replace the sins in color and form 
called chromos which now "adorn" our dwellings. 

Scheme for the Photographic survey of a state. 
Land. Water. 

Physical features Physical features 

due to formative due to destructive 

action of water. action of water. 

Virginal surface and the life it sustains. 

(K/togdfm"- = Phenomena.of life and all that 
Unimal kfrigdom . perUins thereto. 

Civilized man. 
r Life of the individual. 

Social relations of the individual. 

Individual and his surroundings. 

Individual and his domestic animals. 

Individual as a handworker. 
, Individual as a hrainworker. 

Aggregation of individuals. Commune. 

( Primitive commune. 

•j Commune and its attributes. 

(Commune and its social life. 
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Segregation of commnneB. 
Commonwealths. 

'Agricalture. 

Resources. 

Industries. 

Manufactories. 
, Transportation 

In many of our states man now begins to occupy virgin soil ; 
here can be seen the very beginning of civilization ; Its gradual 
development and all its varied phenomena can yet be perman- 
ently fixed and gathered, constituting a treasure the like of 
which is not in possession now of either individual or com- 
monwealth. 



ON A POSSIBLE CHEMICAL ORIGIN OP THE IRON ORES OP 

THE KEEWATIN IN MINNESOTA. 

Read Sept. 2, 1889, at the Toronto xneetinR of the American Association 

for the Adyancement of Science. 

By N. H. WiNCHBLL and H. V. Winchbll. 

The proper understanding of the limits of this discussion 
requires a brief statement of some recent stratigraphic 
determinations. It is evident that the papers of the late 
Prof. R. D. Irving ' and of Prof. C. R. Van Hise," while in 
the main considering the problem from the point of view of 
the "Huronian," have also embraced in the scope of the phe- 
nomena cited, a group or strata much older, which lie every- 
where' unconformably under the Huronian, and which present 
a series of facts which are distinct from those appertaining to 
the Huronian as found in the Penokee-Gogebic and Mesabi 
regions. The confounding of two formations, and the placing 
in one category the chemical and structural phenomena that 
are separated into two series by a great time interval, and by 
structural unconformity, have so complicated the problem 
that hitherto no theory has been found capable of cov- 
ering all the facts. The existence of this widespread uncon- 
formity has been shown in recent reports on the geology of 
the northwest by A. C. Lawson, A. Winchell, and by the 
writers ; and latterly it was also recognized by Irving (7th An. 

^Am. Jour, Set. (in.) xxxii. 255. 
*Am. Jour. Set. (in.) xxxvii. 32. 

'Compare the Seventeenth annual report of the Minnesota survey, 
pp. 42-45. 
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Rep. U. S. Geol. Sur.) By Prof.]Irving, however, there had not 
been, prior to his death, so far as known, any reconstruction 
or limitation of his general theory of the origin of the iron 
ores. 

It is the purpose of this paper, while not calling in question 
the explanation by Irving of the origin of the ores of the 
Huronian, to show specifically a possible origin for those of 
the Keewatin as they are found in the Vermilion range in 
northeastern Minnesota. 

That there is reason to account for the Vermilion ore on a 
different hypothesis from that which may be sufficient for the 
Huronian ore, is evident from a consideration of the follow- 
ing differences in the formations : The Huronian strata are 
of fragmental origin, accumulated by the slow process of sedi- 
mentation and are siliceous ; being banded by lines of depo* 
sition that fade from one sort to another by such insensible 
transitions as can be produced by successive variations in the 
forces of an ordinary sedimentary process. This structure 
not only pervades the rock that embraces the ore, but passes 
into the ore itself. The formation as a whole, and certainly 
the beds that embrace the ore, are made up of secondary 
grains derived from some other formation. In other words it 
is non-crystalline. (Irving, 3rd An. Rep. U. S. Geol. Sur. pp. 
157-165 ; 16th Report, Minnesota survey, p. 39.) 

On the other hand the strata that carry the iron ore deposits 
of the Keewatin are,when not rotted in situ, crystalline or sub- 
crystalline, and do not vary in composition like a sedimentary 
rock. They do not show except very rarely, any transitions 
between the ore and the enclosing rock, and when they do 
show such a mingling the alternations are between two kinds 
of materials, and without intermixture of clayey substances. 
The two materials are the ore itself and the country rock. 
But the country rock is uniformly constituted of diabasic 
schist which shows either its direct origin from eruptive, basic 
rock or its quick distribution and deposition in waters heated 
by volcanic{disturbances ; and but rarely has so much inter- 
mingled silica, of secondary sedimentary derivation, as to 
raise the per cent of silica above the limit of Von Cotta for a 
basic rock. At points remote from the ore lodes the propor- 
tion of silica increases, and it is besides not wholly of the 
characteristic chalcedonic sort that prevails in the ore and in 



Chemical Origin of Iron Ores^ Etc*, — WinchelL 293 

proximity to the ore. But, instead, some part of the silica 
found in strata distant from the ore lodes is in the form of 
rounded grains of vitreous quartz such as is chemically depos- 
ited in ordinary quartz veins. Besides silica, an aluminous 
element also displays itself in the formation at points removed 
from the mines. 

Another noticeable difference between the Huronian and 
the Keewatin ores consists in the gradual changes that are seen 
to occur in the Keewatin ore as the country rock becomes more 
and more crystalline, massive and diabasic. In passing east- 
ward from Tower the hematite is seen to give place gradually 
to msLgneiite, pari paisu J as the green schists assume the char- 
acter of unmodified diabase ; and in the vicinity of Snowbank 
lake the iron ores are magnetic jasperoid lodes embraced in 
such massive diabase,^ conforming in general with the strike 
of the rocks of the region, and still showing all their necessary 
relations to the Keewatin formation. These characters 
are found, not in the lower, often lake-filled valleys, but on the 
bills at elevations of several hundred feet. No such phenom- 
ena have ever been reported from the Huronian. The erup- 
tive, diabasic rock of the Huronian mines, either underlies the 
iifon-bearing strata unconformably, as described by Dr. 
Rominger, or is in the form of transverse dikes that cross both 
the country rock and the ore beds, as recently described * by 
Van Hise. 

Not only in respect to age and geological relations do these 
ores differ, but chemically they are quite different. The points 
of dissimilarity stand prominent in making a comparison of 
their impurities. The Keewatin ores contain silica as their 
chief impurity, the amount of phosphorus, determining the 
Bessemer or non-Bessemer grade, not being noticeably differ- 
ent from the Huronian ore. But in respect of other impurities 
the Huronian ores contain about 300 per cent, more manga- 
nese, about 400 per cent, more sulphur, about 33 per cent, more 
alumina, about 25 per cent, less of magnesia, about 400 per 
cent, more lime, and about 400 per cent, more water.* The 
Huronian ore is generally soft, and sometimes is a limonite 
passing to siderite. The Keewatin ore is hard, never limonitic, 
and has not been known to contain any carbonate of iron. 

* ■ - - 

* Am. Gbol. .Tan. 1889. p. 19; 17th Rep. Minn, Sur, p 122. 
*C. R. Van Hise. Am, Jour, Sci, (iii.) xxxii. p. 32. 
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The objections to the eruptive h3rpothe8i8 of Foster and 
Whitney, lately revived by Dr. Wadsworth, have been stated 
in the fifteenth report of the Minnesota survey, and it is not 
necessary to dwell on them here. The extreme length to 
which Dr. Wadsworth is carried by his predilections for eruptive 
agencies is seen in his arguing ^ that the quartzyte at Republic 
mountain is eruptive. One of the chief obstacles to this theo- 
ry is the novelty of the proposition to enclose fused silica in 
the same mass with crystalline hematite and require them to 
cool without chemical union, the former retaining an amor- 
phous state and the latter not losing its crystalline structure. 
Another obstacle is the plainly sedimentary banding that the 
ore presents — i. e. the jaspilyte — which is unlike any structure 
known to result from the cooling of molten rock, and which 
unmistakably reveals the action of water in the formation of 
long parallel bands or strata. 

The difficulties in applying the theory of Irving, i. e. the 
metasomatic substitution of oxides of iron for some preexist- 
ing carbonate, appear when we search for the remains of the 
supposed older carbonate, and when we find the country rock 
does not afford good reason to have expected the deposition of 
any carbonate ; and also when we search for the remaining 
ingredients which the assumed metasomatic process may have 
left in the ore. In short, the whole mass of geological and 
mineralogical environment, as seen in the Huronian rocks, is 
at variance with that seen in the Keewatin, and precludes the 
hypothesis that ordinary chemical substitution will account 
for the chalcedonic silica and the hematite of the jaspilyte 
lodes. 

But that chemical processes played a prominent if not a prin* 
cipal part in the formation of the jaspilyte, and in the meta- 
morphism of the strata of all the Archean, there is no dispo- 
sition to call in question.'* It is here appealed to as the prime 
agent in giving origin to the chalcedonic silica and the iron 
ore of the jaspilyte. 

In order that the physical circumstances which obtained 

during the age of the crystalline and sub-crystalline schists, 

^^-^— ^»^— ^— ^— ^^— ^"^-^— ^-"^— ^— ^■^■~^-~— — ^— ■ ^p^— ^^p— ^-^^-^^— ^— ^-^^.^^— ^— ■^■^i—i ^— ^■^^— — ^^j^^— 

•These results are based on average analyses for 1888, published by 
Pickands, Mather & Co., derived from several thousand assays. 

' Notes on tlie Geologj' of the Iron and Copper districts. BuL Mut, 
Comp. Zool.,, Geol. ser. Vol. i. p. 54. 

*A. Winchell. Fifteenth Report Minnesota survey, p. 196. 
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i. e. during the age of the Vermilion and of the Keewatin, may 
be fairly apprehended, and brought to bear upon this inquiry, 
it will be necessary to mention some inferences that have 
recently been wrought out by the study of the Archean.' 

It has been stated repeatedly by G. M. Dawson/" by A. C. 
Lawson" and by the writers,*' that the rocks of the Keewatin 
consistvery largely of volcanic ejectamenta. These ejectamenta 
were received in oceanic waters. The volcanoes themselves 
were mainly sub-marine, and the products of any intervening 
stage of sedimentary quiet were buried under the lavas of the 
next quickly succeeding stage of eruption. Whether this erup- 
tive age was world-wide, in its production of this kind of basic 
schist, as seems very likely, it is not necessary here to inquire ; 
but that it was one of long duration, and prevailed in all of 
northeastern Minnesota wherever this rock horizon has been 
examined, and extended into Manitoba, there is no longer any 
room to doubt. It is therefore necessary to inquire how such 
products as chalcedonic silica and hematite could have been 
formed in a sea that was at times seething and steaming with 
volcanic craters and earth fissures from which escaped molten 
rock from below the thin crust. That this chalcedonic 
silica, involved closely with interbanded hematite, and grad- 
ing to hematite by insensible variations in the amount of iron 
present, was received in water and distributed by water is 
indicated not only by the stratiform arrangement, but also by 
the presence, occasionally but very rarely, of rounded grains 
of other silica, not chalcedonic, some of them being a quarter 
of an inch in diameter, embraced in the general mass of the 
jaspilyte, and sometimes forming more or less distinct bands 
or pebbly patches in the jaspilyte, approximately parallel with 
the general strike. This fact effectually vetoes the eruptive 
theory, and demonstrates that there was no exception in favor 
of that theory so as to produce a structure characteristic of 
sedimentation, through the agency of molten acid lava flows. 

When the character of some of the narrow bands of pure 

' Seventeenth Annual report Minnesota survey, pp. 37-40. 

'° Qeology and Resources of the 4^th parallel, 1875. p. 52. 

" Qeology of the Lake of the Woods, Can, Survey Rep, 1885. C. pp. 49- 
54. 

" Fifteenth Report, Minnesota survey, 1886. p. 221 ; Sixteenth Report, 
p. 108; Seventeenth Report, p. 37; Am. Geologist, Jan. 1889. vol. iii. 
p. 22. Compare also Foster & Whitney on the ** Azoic ;'* Report on the tf 

lake Superior land district, IS51, Partii. p. 67. 
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white and translucent silica is duly considered, and it is com- 
pared with the known product of chemical precipitation from 
siliceous waters, the idea of chemical precipitation is forcibly 
presented as the possible origin for the chalcedonic silica of 
the jaspilyte. There is no way known in nature for the for- 
mation of chalcedonic silica except chemical deposition. The 
different bands of the jaspilyte, varjdng in color from white to 
red, brown and sometimes nearly black, are all formed by the 
varying proportions of hematite and silica. Ordinary sedi* 
mentary action could not select from the products of erosion 
simply two substances and unite them in characteristic strata, 
when the ocean's waters must have been heavy with suspended 
matter of many different kinds. Some selective, discrimi- 
nating force was at work which was able to abstract silica, or 
silica and iron oxide, from the water, and reject all the rest. 

In the light of what has already been said regarding the 
nature of the schists enclosing the ore masses, it is plain that 
the waters of the Keewatin ocean were constantly agitated bj 
volcanic eruptions. It is also plain that they must have been 
hot, and in some places, or after irregular intervals of time, 
they must have been probably evaporated, and at other times 
suddenly cooled. The earth's crust was thin and easily rent, 
and the contact of water and molten rock was frequent. The 
waters became alkaline by solution, from the lavas, of the mag- 
nesia, potash and soda, and other alkaline elements. In this 
condition it would also become surcharged with soluble silica 
and iron, obtaining the latter from the augitic minerals of the 
basic lavas, and possibly from masses of erupted metallic iron. 
Indeed the ocean was a hot, compound decoction of all the 
minerals that could be dissolved from the eruptive diabases ; 
and of those minerals there was no exception. 

Under such circumstances it requires no extensive research 
nor chemical foreknowledge to predict what would be the 
result whenever the equilibrium of super-heated and super- 
saturated oceanic water was disturbed. Something would be 
precipitated. Would it be silica and ferric oxide? 

On this point Hunt says : " "The atmosphere, charged with 
acid gases which surrounded this primitive rock, must have 

*' T. SUrry Hunt, The chemitlry of the primeval earth. Am, Jour, Set. 
Jan. 1858. Smithsoniaji Report, 1869, p, 189. Chemical 2Lnd Geological 
Essays, 1878, p. 40. 
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been of immense density. Under the pressure of such a high 
barometric column condensation would take place at a tem- 
perature much above the present boiling point of water ; and 
the depressed portions of the half-cooled crust would be 
flooded with a highly heated solution of hydrochloric and sul- 
phuric acids, whose action in decomposing the silicates is eas- 
ily intelligible to the chemist. The formation of chlorides and 
sulphates of the various bases and the separation of silica 
would go on until the affinities of the acids were satisfied, and 
there would be a separation of silica taking the form of 
quartz^ and the production of a sea water, holding in solution, 
besides the chlorides and sulphates of sodium, calcium and 
magnesium, salts of aluminum and other metallic bases. * * 
* * Quartz has not only never been met with as a result of 
igneous fusion, but it is clearly shown by the experiments of 
Rose, that a heat even much less than that required for the 
fusion of quartz destroys it, changing it into a new substance 
which differs both in chemical and physical properties from 
quartz. * * * The first precipitates from the waters of 
the primeval sea must have contained oxidized compounds of 
most of the heavy metals. The large amounts of silica 
contained in solution in the waters of some thermal springs 
and of many rivers, are separated when these waters are 
exposed to spontaneous evaporation, partly as silicates of 
lime and magnesia, and partly in the forms of crystallized 
quartz, homstone and opal. In many different formations, 

beds are met with composed entirely of crystallized grains of 
quartz which have apparently been deposited from solution. 
In other sediments this element abounds in the form of grains 
of chalcedony, or as amorphous soluble silica. The beds and 
masses of chert, flint, hornstone, buhrstone, and many jaspers, 
have all apparently been deposited from aqueous solutions." ** 

Prof, A. Winchell thus refers to this primeval ocean and the 
precipitation of silica:** **The liberated silica would separate 
and would be chemically precipitated during the subsequent 
cooling of the waters, and would thus give rise to the enor- 
mous beds of quartz which we actually fin(Among the very 
oldest strata." 

Concerning the similar production of beds of iron oxide, 

" Hunt. Geology of Canada y 1863. p. 574. 

" A. Winchell. Skelche§ of Creation, 1870. p. 59. 
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Hunt states :*^ 'Those chemical compounds which were 
most stable at the elevated temperature then prevailing would 
be first formed. Thus, for example, while compounds of oxy- 
gen with mercury, or even with hydrogen, could not exist, 
oxides of silicon, aluminum, calcium, magnesium and iron, 
might be formed. * * * * All the elements, with the 
exception of the noble metals, nitrogen, chlorine, the related 
haloids, and the hydrogen combined with these, would be 
united with oxygen. The volatility of gold, silver and plati- 
num would keep them still in a gaseous condition at temper- 
atures where silicon, and with it the baser metals, were precip- 
itated in the form of oxides." 

These quotations might be multiplied. The formation of 
siliceous and irony deposits from oceanic waters is referred to 
by Gustav Bischoflf,"* J. W. Dawson " and by nearly all geolo- 
gists who have written of the chemical reactions of the prime- 
val ocean. Much speculative literature has been published 
relating to the early co-relations of the consolidating crust, the 
heated interior and the enveloping atmosphere of the earth. 
But very often no actual account has been taken of these theo- 
ries in the practical work of the field-geologist. The drama 
of sedimentation and the erosion of shores and the transpor- 
tation of material by currents, forming the later strata of the 
super-crust, have been duly investigated, but this theoretical 
age of seething, alkaline, oceanic water, the actual causes that 
produced it, the resultant rock that attests its existence, and 
the position it holds in the strata of the Archaean, have not 
had their analogous demonstration and adequate description 
in geological literature. The writers believe the Keewatin age 
was characterized by these forces and events, and that the 
green schists, whether sericitic, or chloritic, or diabasic, that 
fundamentally constitute the bulk of its rocks, and the jaspi- 
lyte lodes, exemplify the chemical precipitations and 
mechanical depositions that the theories require. So long as 
the term Huronian was made to cover the actual Huronian 
strata as well as all lower beds down to the Laurentian base, 
it was difficult, if^ot impossible, to invoke world-wide forces 

'•T. Sterry Hunt. Smithsonian Beport, 1869.pp. 186, 189. 
^"^ Chemical and physical geology. (Cavendisn Society), vol. i. pp. 
143, 140. 

**• Quart. Jour'Geol. Soc. vol. v. p. 25. 
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in one portion of the stratification that nullified those that 
were demanded to produce the rocks of the other. By the 
separation of the Keewatin from the Huronian, a different set 
of conditions may be relied on, but none other than those 
needed to produce the rocks that are found to compose it. 

It is not the purpose of this paper to explain any of the 
physical conditions of the jaspilyte,nor of the strata that com- 
pose the bulk of the Keewatin, such as brecciation, folding and 
involute contortion, compression, fracturing and transporta- 
tion of strata once formed, the upheaval and prevailing verti- 
cality of the beds. These, in the main, must have been pro- 
duced subsequent to the chemical precipitation here appealed 
to to explain their origination, but to a certain extent seem to 
have been cotemporary with the precipitation of the beds 
themselves. But it is our sole purpose to account for the 
existence of the jaspilyte by some hypothesis consistent with 
known chemical laws, and in accordance with such surround- 
ings and physical forces as the nature of the Keewatin rocks 
shows to have obtained at the time of its formation. This 
hypothesis not only is consistent with these laws and condi- 
tions, but it explains some of the features of the jaspilyte 
which no other theory, so far proposed, will explain. Some 
of these peculiar features may be mentioned, namely : Arst, It 
accounts for the minutely fine structure of the silica, and for 
the uniformity of its granular texture on disintegration; 
second. It accounts for the prevalence of this structure at all 
depths in the earth, wherever the jaspilyte is found to extend ; 
thirds It accounts for the agate-like banding and the minuter 
lamination that characterize the jaspilyte; fourth. It fur- 
ishes an explanation for the purity of the white chalcedonic 
ribbons, which consist of silica only ; Afth, It explains the 
re-cementation of some of the thin, brecciated layers by 
material of the same kind as the layer itself; sixth. It explains 
the occasional intrusion of rounded grains of non-chalcedonic 
quartz into the mass of chemically precipitated quartz; 
seventh, It explains, lastly, the occasional mingling of chal- 
cedonic silica with the finer elements of the basic schists, 
forming regular sedimentary alternations. 

Summary, All attempts hitherto made to account for the 
existence of the iron ores of the northwest, particularly those 
of Profs. Irving and Van Hise, have confounded the phenom- 
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ena of two unconformable formations that manifest constantly 
distinct contrasts of stratigraphy and lithology. 

The theory of Foster and Whitney, that these ores are of 
eruptive origin, is opposed by chemical laws, and by structural 
peculiarities that can not be reconciled with it. 

The ores of the Keewatin are markedly d\^erent from those 
of the Huronian in their chemical impurities. 

The theory of metasomatic substitution of iron oxide for 
some carbonate,while applicable to the ores of the ^'Huronian" 
on the south side of lake Superior, cannot be made to account 
for the ores of the Keewatin, becau8e,(l). There is no evidence 
of the existence, at any time, of the necessary earlier carbon- 
ate, and (2), The nature of the country rock embracing the 
Keewatin ore is such as to imply that no carbonates, in the 
amounts required by the theory, could have been deposited at 
the time the rocks were being formed. There is therefore 
necessity for some other explanation than that applicable to 
the "Huronian" ores. 

Chemical precipitation in hot oceanic waters, united with 
simultaneous sedimentary distribution, might produce the 
Keewatin ores in a manner consistent not only with the physi- 
cal conditions that prevailed at the time of their formation, 
and with the structural peculiarities which they exhibit, but 
also in accordance with the known reactions of heated alkaline 
waters, and with the chemical character which the ores are 
known to possess. 

Uiiiversity of Minnesota, August, 1889. 
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Solar heatf Gravitation and Sun'8pot$. J. H. Kbdzie.* The author's 
view of the nature and cause of gravitation is derived directly from 
his theory of Solar heat, as already presented. Without rejecting, or 
even modifying, anything taught by Newton as to the law^s of gravita- 
tion, Mr. Kedzie offers a theory as to its cause and its mode of opera- 
tion. Newton did not discover its cause, nor attempt to explain its 
mode of action, but the great revelation that came to him referred only 
its law. 

The prevalent conception of gravitation gives every particle of mat- 
ter the power to reach out and draw every other particle toward itself. 
This idea the author not only questions but denies and disproves, and 

♦ See pp. 181, 240, for other portions of this review* 
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quotes the authority of Newton himself, who denied with emphasis 
the possibility of any such energy as residing in the particles of mat- 
ter. The theory of the author is considered under two heads : (1) The 
efficient cause of gravitation, and, (2) The mode of its operation. 

The waves of heat that radiate from the sun, and all suns, carried 
through space by the undulations of the universal ether, undergo 
such modifications that they appear under the guises of several spec- 
ialized forms of force ; one of them being mechanical force, or that in- 
finitesimal impact which each particle of each moving wave bestows 
on the particle of matter with which it comes in contact. This spec, 
ialization of the energy that is carried in the waves of the ether oper- 
ates in all directions and in right lines, without interference with it- 
self. They are the impulses that matter transmits, through the ether, 
to other matter, the beginning of which is coeval with the beginning 
of things. Thus while the seat of gravitation is in the ether, the ether 
is only the proximate cause, the transmitting cause. The cause itself 
is in other matter, but that again acts only as it is acted upon by other 
ether. Hence the operation is a round, from cause to effect, which 
again become a cause and an eflfect, and so on ceaselessly. 

As to the mode of action of gravitation — ^As matter intercepts some 
portion of the impulse of a wave of ether that impinges upon it, the 
leeward side of such a mass is in a shadow from that amount of im- 
pulse, and if another mass happen to be in the line of that shadow 
it is sheltered on that side. Indeed they mutually shelter each other 
from those impulses that would pass in right lines through both. In 
other words the impulses that impinge on their unsheltered sides 
drive them together, and the force with which they approach each 
other is gravitation. Every particle of matter is thus impelled toward 
every other particle by propulsive forces varying directly as the masses 
and inversely as the square of the distance between their centres. 
The machinery of the planetary systems, as outlined in astronomical 
mathematics, would move on as smoothly under the sway of a univer- 
sal propulsive force, as of a universal attractive force, and all the laws 
of astronomical physics, so far as they would be needed to maintain 
the universal motion, would be as rigidly observed. ''Let a large 
round table be placed in the middle of a room ; place a wooden globe 
in the centre with any number of equidistant radii composed of rigid 
rods projecting from its equator. Station around it an equal number 
of boys, of exactly equal strength, one to each rod. No matter wheth- 
they all push or pull, the pushes or pulls will neutralize each other, 
and the globe will remain unmoved. But this is not the case with the 
earth. She is slowly, compared with her onward motion, falling 
toward the sun. ♦ ♦ * * If wt suppose the boys to be pushing on 
this wooden globe, we must, to adapt the comparison to the case in 
hand, withdraw one of the boys, say from the south side of the tablei 
then if all the remaining boys push with equal force, the glebe will 
slowly move toward the side of the table where the resistance is the 
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smallest." This illustrates the tendency of the earth toward the sun, 
the boy withdrawn from the south side comparing to the ether waves 
of mechanical force intercepted from the earth by the sun. No account 
is taken here, of course, of the tangential force which maintains the 
earth in its orbit, and prevents its flight direct to the sun. But it is 
obvious that when a sufficient number of other planets and suns» each 
intercepting waves of mechanical force that pass through the celestial 
spaces, are adjusted in proper relations about the earth when it starts 
on its journey direct to the sun, its path would be so modified that the 
endless circle of its orbit would be the result. 

The author, by various illustrations, shows this theory is sustained 
by astronomical arguments, and by the demands of the law of correla- 
tion and conservation of energy, and then enters upon a comparison 
of gravitation with light and heat. He notes first five resemblances, 
viz: 

1. Light is unquestionably a vibration or quivering of the universal 
ether. Gravitation must necessarily act through the same medium, 
from sheer want of any other, and just as necessarily by means of 
vibrations, as the ether can not act by actual transference of its sub- 
tan ce. 

2. Light diminishes in intensity as the square of the distance in- 
creases. Gravitation does the same, but with a marked distinction. 

3. Both light and gravitation are regarded by all as emanating in 
their incipiency from ordinary matter. 

4. The combined force of light and heat, and the force of gravitation, 
are both formd of energy convertible in turn into all the others. 

5. These two forms of energy, like all other forms, are subject to 
the laws of conservation and correlation. 

These resemblances justify a suspicion at least of a closer relation 
than has hitherto been accorded them. Notable contrasts are as fol- 
lows: 

1. Gravitation acts as powerfully at the poles as at the equator. 
Not so light and heat. 

2. Light diminishes as the square of the distance increases, only 
per unit of area, and not at all in quantity. It is spread out thinner, 
but it is not lost, and could all be reconcentrated by a convex lens. 
Not so gravitation. 

o. Light at any distance from a luminous body can neither be in- 
creased or diminished in quantity, but only dispersed by divergence, 
and is strictly limited in amount. Not so gravitation ; for gravitation 
is practically infinite. It handles Jupiter as easily as the earth or as 
any of the asteroids. It is everywhere, and in sufficient force to do 
any work required of it. 

4. Heat penetrates, as heat, but a comparatively short distance in 
the inter-stellar spaces. Even as light it fades out, when the distance 
is great enough. Not so gravitation, for the emanations from the fixed 
stars, which are infinite in number, penetrate to the earth as cold 
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waves of gravitation, whereas if those emanations had remained 
unchanged, their numbers would be sufficient to flood the earth with 
insufferable light and heat. 

5. We reckon the dispersion and divergence of light and heat from 
some point on the surface of the luminous body, but we reckon gravi- 
tation from the center of the mass. These resemblances and contrasts 
are all beautifully accounted for on the supposition, as required by the 
author's theory, that the undulations that produce light and heat are 
outward f from the sun, and those that produce the resultant motion we 
call gravitation an inward toward the tun, the latter originating from 
the surrounding spheres, infinite in number and infinite in their power, 
sufficient to cope with any mass they may encounter, although start- 
ing from their sources as highly luminiferous and thermaniferous, 
perhaps, as those that issue from our sun. 

(TO BE CONTINUED.) 

Structures et Classification des Roches eruptives. Par A. Michel L^vy, 
Paris, 1889. 8vo. pp. 96. 

This memoir is, in efiect, a detailed review of the second edition of 
Kosenbusch's Mikroskopische Physiographie der massigen Gesteine, It 
bears the impress of a master hand. American students have been 
drawn to the study of the German experts in modern petrography, 
and to a large extent, have become partisans of the German school. 
Among the Germans, Rosenbusch seems to be conceded the first plac«, 
and it is impossible to deny that his great work embodies a vast 
amount of compilation and original research. It will be useful how. 
ever, to bear in mind the fact that the splendid quarto volumes of MM* 
Fouqu^ and I^vy appeared in 1879, and that the results which that 
work embodies began to see the light as early as 1874. The first edi- 
tion of Rosenbusch appeared from 1873 to 1877 ; but the second edition, 
which has inaugurated the revolution in petrography, dates from 1887. 
Not only is this priority of publication due to MM. Fouqu^ and L^vy, 
but the student of their writings will discover valid grounds for M. 
Levy's claims as set forth in this review, to priority of conceptions and 
of terms. 

To illustrate the case, we may introduce a few specifications : Ros- 
enbusch's distinction of rocks into Jwlocrystalline and hypocrystalline 
corresponds very nearly to Levy's distinction into granitoid and trachy- 
toid (OT porphyric). This conception was announced by Rosenbusch 
only in his new edition, but by L^vy it was announced in 1874, and 
again in 1875. The microgranulites of Fouqu6 and L^vy presenting 
passages to a granitic structure, but without the habit of granites, 
have been renamed microgranites by Rosenbusch, though referred to 
his group of quartz-porphj/ries. The term petrosilex, as used by authors, 
is changed by Rosenbusch into microfelsite. Vogelsang had denomi- 
nated as granophyreSf those quartz poryphyries with a granular magma, 
as felsophryeSf those with a petrosiliceous magma, and as vitrophyres, 
those with a vitreous magma ; but Rosenbusch changes the term gran- 
ophyre from its original signification by embracing under it the three 
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petrographic forms of Vogelsang, and thus displacing Levy's micn>peg^ 
matite, which has precisely the same meaning. Again, professor Rob- 
enbusch recapitulates the structures of palseovolcanic rocks as AfeUite 
habit,SLporphyritich<ibitftaid ^.doUritic fuibit; these are precisely the 
characters expressed by M. L^vy in the phrases structures of acid rockt, 
structures microlitic, and structures ophitic. 

Such is the nature of M. Levy's indictment for changes of nomen- 
clature. In our judgment, very many of Rosenbusch's terms are hap- 
pily chosen and expressive. Next in honor to him who gives exist- 
ence to a new conception is he who gives it to the world in fit phrase. 
M. L^vy would undoubtedly recognize the superior fitness of many of 
Rosenbusch's terms ; but there is ground for complaint when a change 
of terms brings no gain in brevity or elegance, or truthfolness, but 
simply bequeathes synonymy and perplexity to hinder the progress 
of the learner. 

More Important are M. Levy's criticisms of the subject matter of profes- 
sor Rosenbusch's work. In reference to the doctrine that the holocrys- 
talline rocks have but one period of consolidation, he says : "We know 
of but a single series where the two periods do not exist ; that is the 
saccharoidal granulites (structure microlitic of M. Rosenbusch, in 
which all the elements have proper crystalline forms (idiomorphf pan- 
idiomorph) and date from the second period, the first making almost 
complete default." He shows, also, that most of the idiomorphic 
rocks are not strictly as described. Depth is only one of the factors 
determining the crystalline state of a rock. *'Mineralizer8" often 
play a preponderating rOle in the structures of acid rocks. Rocks of 
deep origin may present a porphyroid structure in certain special cir- 
cumstances where the factors of crystallinity abruptly diminish. Even 
granitoid rocks may have had two periods of crystallization, though 
the products diflfer little in crystalline dimensions. In the view of M. 
Rosenbusch, there exist a great number of gabbros and diabases in 
the effusive or bedded condition. But in one part of his work he 
makes the statement that the gabbros with granular structure are the 
intratelluric form, the diabases with ophitic structure, the intrwive 
form ; the augite-porphyrites and the melaphyrs or basalts, with mi- 
crolitic structure are the bedded and veined forms of one and the same 
magma; while, by reading attentively almost any of his chapters, we 
meet with all these structures and all these passages in terranes the 
most diverse. The explanation of this state of things is afforded by 
the experiments of MM. Fouqu6 and L^vy, who have reproduced all 
these structures by artificial fusion, and by baking more or less pro- 
longed in one or two periods. With these and other considerations, 
it is argued that the division of "rocks of deep origin" is artificial. 

More artificial is the division of intrusive rocks. Take the family of 
lamprophyres. Petrographically, they distribute themselves over 
the entire series, from microgranulites slightly basic, to and 
including melaphyrs, embracing micaceous, amphibolic and pyr- 
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azebui; porphyrites. Rosenbusch characterizes the family simply by 
tbd abondance of large ferruginous and magnesian crystals of the first 
period of consolidation. But M. L^vy claims to have been able to 
identify the greater part of the rocks described by Rosenbusch under 
the name of lamprophyres, with a rich French series comprising ker- 
santites, dioritines, basanites and fraidronites — the traps of the old 
authors i 

Farther, in many a formation we perceive these iutrusive rocks to 
correspond with flows or incontestable protrusions. It would have 
seemed logical to remove the lamprophyres from the intrusive rocks to 
class them with effusive rocks. Professor Rosenbusch prefers to 
range a part of our French rocks in his lemprophyres of intrusive 
stmcttirefy and to scatter the others through all the chapters devoted 
to Pretertiary effusives. 

In discussing Rosenbusch's vi6ws of the structures of acid eruptive 
rockSy M. L^vy notes that the former regards muscovite as in part, consol- 
idated before the feldspars, but he attributes a secondary character to 
very recent white mica. The writer holds the greater part, even of the 
primordial muscovite, to be of consolidation posterior to the quartz. 

M. Levy's criticisms of Rosenbnsch's doctrine of rock structures ex- 
tend to many partic\ilars, but it is not necessary to illustrate further. 
He gives convenient tables for comparison of his classification of struc- 
tures with that of Rosenbusch. These are followed by an exposition 
of what is known respecting the relations which exist between the 
structure, the mode of formation (gisement) and the geologic age of 
rocks. The examination is then carried into the mineralogical compo- 
sition of rocks, and the order of consolidation of their principal ele- 
ments, considered in reference to a rational classification. lie cites 
Rosenbusch's two principles touching order of consolidation, and main- 
tains that they are untenable as general laws. They apply sufficiently 
well to granites, syenites and a part of the gabbros. But they fail en- 
tirely in the gabbros of ophitic structure, in the greater part of the 
diorites and Che whole of one important class of diabases. In fact, the 
experiments of MM. Fouqu^ and L^vy demonstrate that for the great- 
er part of the rock-making minerals, the order of consolidation is the 
inverse order of fusibility, while some of them are real chemical pre- 
cipations taking place during the period of crystallization. 

M. L^vy maintains with apparent reason that the classification pro- 
posed by himself and M. Fouqu^' is founded on broader principles than 
that of Rosenbusch. The fundamental principle is that of the order 
of consolidation of all the rock-elements, both those of the first and 
those of the second consolidation. The concise exposition here given 
is prepossessing ; while the principles of classification em])loye(l in the 
school of Rosenbusch are subjected to efiective criticism, with which 
American petrographers ought at least to acquaint themselves. Com- 
parative tables of the two classifications are presented. In another 
chapter we have the results of a more particular study of the sub<H- 
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viBions proposed by Rosenbusch, followed by an extended table, g^Ting' 
in condensed form, the subdivisions of Rosenbusch, the strocturee ob^ 
served, the order of consolidation of the constituent elements, and the 
equivalent names of Fouqu^ and L^vy. At the end is a table giving 
the correspondence of the granitoid and trachytoid or porphyric rock8» 
according to the classification of MM. Fouqu^ and L^vy, wiUi the cor- 
responding names of Rosenbusch. The dominant idea of Professor 
Rosenbusch has been, according to M. L^vy, to constitute natniBl 
groups both petrographic and geologic. H« has thus subetitutod the 
notion of mode of formation {mode de gisement) for the more positive 
and more relevant datum of structure. It is thus that across his three • 
:grand subdivisions of mode of formation— depth,dikes andeffusives, he 
has sought to group, not associations chemically or mineralogically 
analogous, but those which he believed derived from each other by 
way of ramifications. It is a classification based on hypotheses, and 
in its ultimate consequences is not followed out by its author himself. - 
The founders of the French school deem it necessary to base their 
classification and nomenclature of the rocks on facts, independent of 
every hypothesis, and positive in their nature. Modem petrography, 
they say, employs means sufficient for attaining this end without hesi- 
tation. There is general accord in reference to the .principal stuctures 
of associations of minerals and rocks ; and we know how to determine 
these minerals with precision. It is therefore exclusively to the struc- 
ture of association, and to mineral composition that they persist in 
addressing themselves in the attempt to classify and name the rocks.* 
Sketch of the Geology of New Zealand^. By Capt. F. W, Button. 
(From the Q. J. G. Soc. London, May, 1883, pp. 191-220.) This mem- 
oir is the only published source of information on all portions of the 
colony of New Zealand. The islands have been studied for the last 
thirty years. Valuable contributions to their geology have been made 
by Dr. Hochstetter, Dr. Hector and the geological surveys ; but up to 
the date of captain Hutton's memoir, no one had attempted to describe 
the geology of New Zealand as a whole. The geology of the region is 
remarkably diversified. Sedimentary rocks of almost all ages are rep- 
resented, from Archaean upward, and all but the lowest have yielded 
fossils. There are metamorphic and eruptive rocks. There are vol- 
canic cones of every magnitude, up to Ruap^hu, more than 9000 feet in 
hight, and they are presented in all stages of degradation, from mere 

* The leading authorities of the French school are as follows : Min- 
^ralogie micrograpliique. Introduction a V^tude des roches eruptives 
franQaises, par F. Fouqu<S et A. Michel L6vy, 4to, 2 vols, text and 
plates, Paris, 1879. Cours de min^ralogie, par A. do Lapparent, 8vo. 
pp. 560, with 519 cuts in the text, and a chromolithographic plate, 
Paris, 1888. A new edition for 1800 is announced, which we have not 
seen. Les min^raux des roches. 1. Application des m^thodes min^- 
ralogiques et chimiqnes ^ leur ^tude microscopique, par A. Michel 
L^vy. 2. Donn^es physiques et optiques, par A. Michel L^vy et Alf. 
Lacroix, Paris, 1888, 8vo. pp. 334. Trait^ ae crystallogTaphie g^omet- 
rique et physique, parE. Mallard, Paris, 1879. 
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stamps to fresh scoria-cones ; and two— Tongariro and Taraw^ra — are 
still active. There are solfataras and mud volcanoes, fumeroles, gey- 
sers and hot springs in abundance. There is a mountain range with 
an alpine structure ; there are glaciers and glacier-lakes almost equal- 
ling those of Europe. New Zealand is interesting too, from its pos- 
session of the only record of the ancient floras and faunas that once 
overspread the South Pacific. Being antipodal to Europe in position, 
the geologic results of secular astronomic causes must, in many cases, 
be complementary to the results occuring in Europe ; so that we may 
look to New Zealand as a base of verification for certain hypotheses 
predicating causal relations between astronomic and geologic conditions. 
Dr. Hector and the provincial geologists make the attempt to correlate 
as they proceed, the geology of New Zealand with that of Europe ; bnt 
captain Button, like Dr. von Haast, makes such attempt only aft«r 
completing the survey, and determining what classification of geologic 
time is taught by the facts. He then places the divisions of the New 
Zealand scale against those of the European, and notes the equiva- 
lences. We thus have a complete system, in terms of the Maori lan- 
guage. The greater and less divisions|[are then placed in juxtaposition 
with the European system. It thus appears that every European 
"system" is recognized in New Zealand, except the Devonian. No 
subdivision of the Archaean is noted ; and none of the Carboniferous. 
There is no Upper Jurassic, or Lower Cretaceous, or Eocene ; but all 
subdivions of the Csenozoic, except the Eocene, are abundantly de- 
veloped. The Oligocene is represented by five groups, the Miocene by 
six, and the Pliocene by six. The Pleistocene consists of, (a) Peat-mosses 
with Moa bones, and (b) Raised beaches and shore deposits. The Re- 
•cept is characterized by alluvial and yEolian deposits, with )i(oa bones 
and traces of man. Of the events of the Pleistocene epoch, captain 
Hutton says : "Neither in the Wangandi system (Newer Pliocene) nor in 
the raised beaches, is there any trace of a northerly migration. Neith- 
er are there any signs of a Pleistocene glaciation of New Zealand 
greater than at present. Consequently there is no evidence to show that 
the high eccentricity of the earth's orbit that prevailed in Pleistocene 
times, produced a glacial epoch here. But there are several facts 
which appear to support the view that this high eccentricity produced 
a diluvial epoch by causing greater winter snow-fall and greater sum- 
mer fioods." 

On $ome salient points in the Geology of Queensland, Opening Ad- 
dress, Sec. G (Geol. and Pal.) Australasian Assoc. Adv. Sci. Sidney, 
1888. By Robert L. Jack, Govemment^Geologist, Queensland. The 
-sparsely settled colony of Queensland, flanked by the great barrier 
reef of northeast Australia, dotted from^imit to limit by isolated hill 
and mountain peaks, and belted by ridges and ranges destitute of any 
general trend, is one which, in the development of its natural resources^ 
has manifested most commendable^energy. We well remember the 
astonishing exhibit made by the colony at Philadelphia in 1876. It was 
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then almost undistinguiflhed, in the popular mind, from Australia at 
large. During a number of years, it has maintained a geological sur- 
vey, and Mr. Robert L. Jack has been in charge. The mining inter- 
ests of the colony are considerable, and most of the attention of the sur- 
vey has been directed to economic questions. Mr. Jack, in the years 1886 
to 1889, has issued several special reports on different mining districts 
and localities, some of which are as follows : Report of the Argentine 
(Star) Silver mines, Kennedy District, 9pp ; Geological observations 
in the north of Queensland, 16 pp ; Report of the Geological features 
of the Mackay District, lOpp ; Mount Morgan Gold Deposits (2d Re- 
port) 6pp ; Coal Discoveries on the Flinders, 2pp ; Geology of the Rus- 
sel River, 5pp; Taranganba Gold niine, 10pp. These reports are in 
long quarto form, and are generally accompanied by large maps, and 
by sections. They are issued from the Geological Survey office, Towns- 
ville. 

From the address, the title of which stands above, the geology of 
Queensland presents a wide contrast with that of New Zealand. In- 
stead of a connected and complete record of physical events, wd have 
an exceedingly fragmentary one — almost every formation resting un- 
conformably on the underlying one. There is no certain existence of 
any rocks older than the Devonian. There are crystalline schists and 
granites, but they appear to be post Archaean. The lower and middle 
Devonian strata attain a thickness of about 21,000 feet. The Carbon- 
iferous rocks embrace two unconformable series holding very similar 
fossils. Unconformably above these, follow "Carbonifero-Permian" 
beds of great thickness, having volcanic agglomerates at bottom, and 
embracingthe oldest auriferous drifts. The Ipswich formation sup- 
posed next higher, Cbn tains numerous good coal beds, and fossils of 
Mesozoic type, but rests, like the older groups, on slates, schists and 
granites. Mr. Jack sets it down as Triassic. Resting also on slates 
and granites, the Rolling Downs formation follows, and quite uncon- 
formably above this, occurs the Desert sandstone, once very widely 
extended, but now enormously denuded. Both these contain similar 
Cretaceous fossils, and the Government Geologist provisionally sets 
the one down as Lower, and the other as Upper, Cretaceous. The 
Upper overlaps and rests on all the older systems. The Maryborough 
beds, on the eastern side of the coastal range, carry a fauna which ap- 
pears also to be Cretaceous, and equivalent to that of the Desert sand- 
stone. We may conclude therefore, that during the period of the Low- 
er Cretaceous, Australia consisted of two islands with a shallow inter- 
vening ocean, and an abrupt escarpment along the eastern shore of the 
eastern island, extending into a deep sea, whose deposits of that date 
have never been brought to light. There was then an insular epoch 
in the interior, and that was followed by a still deeper submergence 
during the Upper Oretaceous. The east shore deposits of this later 
period have been revealed to the Maryborough beds. On the Tertiary 
and later geology, Mr. Jack gives ns no information. 
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Queensland is nearly 1300 miles in length, from north to south, and 
950 miles in greatest width. It stretches from south latitude 29^ to 10^ 
and possesses, except in the southern portion, a truly tropical climate. 

The Mineralogy of Pennsylvania. Part I. By John Eyerman. (To 
be used as a supi^ement in connection with Dr. F. A. Genth's ''Pre- 
liminary report on the mineralogy of Pennsylvania*'). 8vo. pp. 48, 
Easton, Pa. The author of this pamphlet brings together such dis- 
coveries of new minerals or new localities of minerals as have been 
brought to notice since the publication of Genth's ''preliminary re- 
port," fourteen years ago, rendering a real and important service to 
the mineralogy of Pennsylvania. The new facts are partly his own, 
and partly are derived from scientific journals and published proceed- 
ings of societies. In addition to names of new minerals or localities, 
various descriptive notes and chemical analyses are given, - 

Woods mine, in Lancaster county is reported to have produced 200,- 
000 tons of chromite, and to have netted its owners at least $5,000,000. 
It was exhausted after it had reached a depth of 800 feet. It was open- 
ed in 1834 and was abandoned in 1881. Since then the United States 
has received the most of its chrome ore from the Urals in Russia, and 
from Turkey in Asia. Mr. Eyerman gives localities and notes on 121 
different mineral species. 

In a paper on the mineralogy of the French Creek mines {Trans. N. 
Y.Acad. Sci. Jan 14, 1889) Mr. Eyerman reports an interesting variety 
of orthoclase. The crystals are columnar, and, radiating from a centre, 
form a shelf-like structure. The largest crystals seen were 64 mm in 
length ; color, light green to light pink, the green varieties having a 
small percentage of manganese oxide. 

Salt; its discovery and manufacture in Kansas. By Kobeut Hay. 
(Ex. from Oth Bien. report Kan. State Board of Ag.) It iH seldom 
that in a brochure so small and unpretentious, so much of value is ex- 
pressed as is contained in this review of salt in Kansas. After a short 
historic sketch of the manufacture of salt in Europe and in America, 
Prof. Hay states that it has been found, belonging to various geologic 
periods, under a great part of the surface of Kansas. The state geolo- 
gists, professors Mudge and Swallow, inferred that salt would be found 
by boring, and referred the salt marshes, that are frequent, to the effect of 
the Triassic formation. The deposits that have recently been found are at 
the base of the Triassic, and, through the usual and well-known varia- 
tion to gypsum, are probably continuous with the Permo-Carbonifer- 
ous below. The review contains numerous analyses, showing that the 
Kansas salt compares well with that from other parts of the United 
States. 

The "thickness of salt besides the saline shales'' appears to be at 
Ellsworth 140 feet, Lyons 250 feet, Hutchinson 250 feet, Kingman 
200 feet, Anthony 75 feet. Great Bend 1 25 feet and Sterling 198 feet. 
All the towns named are making salt or in the early stages of erecting 
• 'salt blocks." 
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On the production of secondary mineraU at shear-zones in the crystalline 
rocks of the Malvern Hills, By Ghables Callaway. (Qaart. Jour. 
Geol. Soc. Augast 1889.) 

Dr. Callaway Btwrto out with the psopoekion that the queetiona are 
to be settled rather by field evidence than by microecopic study, and 
aeserta that the chief results were decided in the mind of the writer be- 
fore a single slide had been cut." Nevertheless 150 were cut and sub- 
mitted to Dr. H. B. Patton, Rosenbusch's assistant. When the recon- 
struction of the rock has been complete the shear planes are frequently 
indicated by lines of mica. 

Although disclaiming micro-petrography as a necessary adjunct to 
this study the author hardly gets away from it during the entire 
length of his very interesting paper. His summary is 

1. All the crystalline rocks of the Malvern chain are of igneous 
origin. 

2. The genisses and schists are produced out of igneous rocks by 
secondary action. 

3. The chief mineral and chemical changes have taken place in bands 
of rock (shear zones) which have been subjected to a shearing move- 
ment so that the metamphorism may be described as ''zonal.'' The 
maximum of alteration has been produced in diorite which has been 
sheared in proximity to granite viens. Contact effects are here com- 
bined with dynamic metamorphism. 

4. The most important chemical changes are the removal of the 
bases and the combination of potash with some of the constituents of 
diorite. 

5. The chief mineral changes are the reconstruction of feldspar,and 
the production of biotite (from chlorite) white mica (from orthoclase 
plad^oclase, black mica and chlorite) granular quartz, sphene and 
actinolite. 
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1 . State and Government reports. 

Annual report of the Geological Survey of Pennsylvania, for 1887. 
Contains: Cave fossils, (2 plates), by Joseph Leidy; Fossil tracks in 
the Trias, in York county, Pa., by Atreus Wanner, with eleven 
plates ; Report on the New Boston and Morea coal lands (Geological 
and topographical map), by Benjamin Smith Lyman, and The state line 
serpentine and associated rocks, by Frederick D. Chester. 

The seventeenth annual report of the Geological and Natural History 
Survey of Minnesota. 8vo. 273 pp. N. H. Winchell, State Geologist. 
Minneapolis, 1889. Contains also reports by H. V. Winchell and Uly. 
S. Grant, and a list of American publications Hince 1872 pertaining to 
the crystalline rocks. 

Natural gas in Minnesota. By N. H. Winchell. Bulletin No, 5, 
of the Minnesota survey, pp. 39. 1889. 
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History of geological surveys in Minnesota. By N. H. Winchsll. 
Balletin No. I of the Minnesota survey, pp. 37. 1889. 

3. Papers in acientific jaumaU, 

Am, Naturalist, May Ko. Soleniscus : its generic characters and 
relations. Gharuss B. Ksyes. 

Hm Am, Antiquarian, Sept No., has a paper by T. H. Lewis on 
Copper mines worked by the mound-builders. 

Am, Jour, Sci. Sept. No. Carboniferous echinodermata of the Mis- 
sisMppi basin. Charles R. Keybs. Contributions to mineralogy. 
F. A. Okmth. Period of rotation of the sun. H. Cbew. Grand Gulf 
formation of the Galf states, L. C. Jobmsov. Note on the fossil 
■pider Arthrolycosa antiqua of Har^r. C. £. Bbbghbb. Paragenesis 
of allanite and epidote as rock-forming minerals. W. H. Hobbs. New 
IcMslity of the camptonite of Hawes and Rosenbusch. F. L. Nason. 
Properties of allotropic silver. M. C. Lb a. Ring systems and other 
curve systems produced on allotropic silver by iodine. M. C. Lea. 
Notes on some native iron sulphates from Chili. J. B. Mackintosh. 
OeL No, Origin of normal faults and of the structure of the basin 
reigion. J. LeConte. Circular polarization of certain tartrate solu- 
tioBs. (II). J. H. Long. Some suggestions upon the method of 
grooping the formations of the middle Cretaceous, and the employ- 
m«iit of an additional term in its nomenclature. G. H. £ldbidob. 
Fknida Miocene. D. W. LANaj>oN, Jr. 



4. Excerpts and Indiwidual FmbUeaiwn$* 

Pakeolithic man in eastern and central North America^. (Part iii). 
Bttprinted from Bos. 8oe, Nat, Hist. vol. xziv. Embraces early man 
in the Delaware valley ; The rock-shelter of Naaman's creek ; Palseo- 
liiiiie implements from the Delaware gravels. By Hilbome T. Cresson. 
p. 141. — ^Implement from the Indiana gravel. By Hilbome T. Cresson. 
p. 150. — ^Tbe age of the Philadelphia red gravel. G. Frederick Wright. 
p. 162.— Water-worn implements from the Delaware river. By 
Charies C. Abbott, p. 157. — Concluding remarks by the president with 
iBostrations of palaeolithic implements from Delaware, Indiana, New 
Jersey and Minnesota. By F. W. Putnam, p. 158. 

Oik the paragenesis of Allanite and Epidote as rock-forming min- 
erals. By W. H. Hobbs, Ph. D. Am, Jour, Sci. Sept 1889. 

Nova Scotian Echinodermata. D. Honeyman. Halifax. 

Note on the fossil spider Arthrolycosa antiqua Harger. By Cliarles 
E. Beecher. Am. Jour. Sci. Sept. 1889. 

The mineralogy of Pennsylvania. Part i. By John Eyerman. 
Easton, Pa. 

Notes on geology and mineralogy. By John Eyerman. Proc. Acad. 
Nat, Sci. Phil. Feb. 1889. 

On the mineralogy of the French creek mines, Pennsylvania. By 
John Eyerman. Trans, N. Y, Acad, Sci. Jan. 14, 1889. 

The rivers and valleys of Pennsylvania. Wm. M. Davis. From tii« 
National Geographic Magazine. Vol. 1, No. 3. 
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The affinity of science for Christianity. Prof. G. Frederick Wright. 
Reprint from the Biblioiheca sacra. Oct. 1889. 

Notes on the Entozoa of marine fishes of New England, with descrip- 
tions of several new species. Edwin Linton. An. Rep. Com. Fish and 
Fisheries for 1886. 

Report of Geological observations made in northeastern Minnesota. 
By Uly. S. Grant. Part iv of xviith Ann. Report of the Minnesota 
geological survey. 

The geology of Buffalo as related to natural gas explorations along 
the Niagara river. By C. A. Ashburner. Amer. Inst. Mining Engi- 
neers. Buffalo meeting, Oct. 1888. 

The development of the theories of. crystal structure. W. S. Bayley. 
(ylm. .Vaf. Apr. 1889). 

5. Foreign Publications. 

Tlie Trap Formation of Ulster. J. Starkie Gardner. Proc. Belfast 
Nat. Field Club. 1888. Series ii. vol. iii. Parti. 

References to the Diatomaceous deposits at Lough Mourne, and 
in the Mourne mountains. By Messrs. W. A. Firth and Wm. Swan- 
ston. Proc. Belfast Nat. Field Club. Ser. in. vol. in. Parti. 

Verhatidlungen des naturhistorischen Vereines der preussischen Rhein- 
lande, Westfalens und des Reg.-Bezirks Osnabruck. Erste Halfte. Bonn. 
188P, contains Ueber den Charakter der quartiirfauna vonThiedebei 
Braunschweig. Von Dr. A. Wolleman. Ueber electrolytisch abge- 
schiedne Kupperkrystalle, mit 2 Holzschnitten. Von Prof. O. Mugge. 
Geologisches Profil von Hamm. J. Hendhausen. 

Transactions of the Royal Society of Canada, vol. vi. contains: Pres- 
idential address; The Huronian system of Canada. Robert Bell. 
L3 Gaz naturel dans la province de Quebec, par L'Ubb^ Laflamme* 
On Nematophyton and allied forms from the Devonian (Erian) of 
Gasp^* and Bay des Chaleurs. By D. P. Penhallow (with introductory 
notes by Sir William Dawson). On some remarkable organisms of the 
Silurian and Devonian rocks in southern New Brunswick. By G. 
F. Matthew. Notes (m the Nova Scotia gold veins. By E. Gilpin, 
Jr. On Cretaceous plants from Port McNeill, Vancouver's Island. 
By Sir William Dawson and G. M. Dawson. Illustrations of the 
fossil fishes of the Devonian rocks of Canada. Part II. Bv J. F, Whit- 
eaves. 

Chemical and Physical studies in the metamorphism of rocks. By 
A. Irving. Octavo, lliS pp. London. Longmans, Green & Co. 

The a'lvantage to the civil engineer of a study of geology. T. Mel- 
lard Reade. Trans. Licerpool Engineerinrj Societyy Nor. 14, 1888. 

The New Red sandstone, and the physiography of the Triassic 
period. T. Mellard Reade. Naturalist, April 1889. 

Slickensides and normal faults, their characters and cause. T. Mel- 
lard Reade. Liverpool Geol. Society. Session 1888-9. 

Notizblatt des Vereins fiir Erdkunde zu Darmstadt, Folge iv. 9 H. 
contains : Granit und Minette an der Hirschburg bei Lauterschusen 
siidlich AVeinheim a. d. Bergstrasse, von C. Chelins. Taf. ni und iv. 
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Ghemische Analysen von tertiaren and diluvialen Gesteinsarten ans 
den Bruchen von Weisenaa and Laabenheim bei Mainz, von Dr, £. 
Egger. NotizeQ aas den Aafnahmengebieten des Sommers 1888, von 
C. Ghelins. 

MU, d. F. fur Erd. Leipzig, 1S88. Contains, Die Lochaberetrand- 
linien, von Dr. Sandler. • 

On the production of secondary minerals at shear-zones in the cr3's- 
talline rocks of the Malvern Hills. Charles Callaway. Quart, Jour. 
Oeol, Soe. Aug. 1889. 

Die altesten Sedimente des nordlichen Schwarzwaldes und die in 
denselben eingelagerten Eruptivgesteine. J. H. Kloos. Jdhr.d.V.J. 
Naturwissenachaft zu Baunschweig. 1886-87. 

The Records of the Geological Survey of New South Wales. C. S. 
Wilkinson, Geologist in charge ; vol, i, part i, contains the following 
papers : 

Notes on the^Geology of the Barrier Ranges District and Mount 
Browne and Tibooburra Gold-fields ; by C. S. Wilkinson, F.G.S., Geo- 
logical Survevor-in-Charge. 

Report on the Discovery of Human Remains in the Sand and Pum- 
ice Bed at I^ong Bay, near Botany, with Plate i. By T. AV. Edgeworth 
David, B.A., F.G.S., Geological Surveyor, and Robert Etheridge, Jr., 
Palaeontologist. 

Petrographicaf Notes on the Eruptive Rooks connected with the 
Silver-bearing Lodes at Sunny Corner, Mitchell, near Bathurst, with 
Plates II and iia. By Wm. Anderson, Geological Surveyor. 

On the occurrence of a Coral intermediate in structure between the 
Genera Lonsdaleia and Spongophyllum in the Upper (?) Palaeozoic 
Rocks of New South Wales, with Plate iii. By R. Etheridge, Jr., 
Palaeontologist. 

On the occurrence of Tellurium in Combination with Bismuth, from 
Nprongo, near Captain's Flat, New South Wales. By J. C. H. 
Mingaye, F.C.S., Analyst and Assayer. 

Description of the IPhysical Characters of Telluric-Bismuth Ores 
from Norongo, near Captain's Flat. By T. W. Edgeworth David, B.A., 
F.G.S., Geological Surveyor. 

Sketch of Columnar Basalt on the Horton river, near Lindsay Sta- 
tion, with Plate iv. By Henry W. Powell, Forest Ranger, Gunnedah. 

Vol. 1 Part 2 contains the following: 

Notes on the Mineral Resources of New South Wales as represented 
at the Melbourne Centennial Exhibition. By Joseph E. Came, 
Curator, Mining and Geological Museum. 

Note on two specimens of Lepidodendron from the Lower Carbonife- 
rous (?) of Goonoo Goonoo, New South Wales, with Plate v. By Rob- 
ert Kidston, F.G.S., of Stirling, N. B. 

On the Post-Tertiary Ossiferous Clays, near Myall creek, Bingera, 
with Plates vi-x. By William Anderson, Geological surveyor. 

On Further Evidence of a large and extinct Struthious Bird 
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(Dromomis, Owen) from the PoBt-Tertiary Deposits of QoeeBsland, 
with Plates xi-xiii. By R. Etheridge, Janr.,Palseoiitologi«t. 

On the Stratigraphical Position of the Fish and Plant-Bearing beds 
on the Talbragar river, Cassilis district, with Plate xiv. By William 
Anderson. Geological Surveyor. 

On the Examination of an Aboriginal Itock^helter and Kildiatt- 
midden, at North Harboor, Port Jackson, with Plates xv-xzu. %^. 
W. Bdgeworth David, B.A., F.G.S., Geological Snf f g for, «ad R. 
Etheridge, Jr., Palaeontologist 

Remarks on a Fern (CycadopUru acelopciMirtfM, BmMaU f^onathe 
Wianamatta Shales, near Sydney, with Plate xxui. By B. SIbaridge, 
Jr., Paleontologist. 

Report on supposed Caves with Aboriginal I hawiny^ OM Hotria' 
creek, and George's river, near Liverpool, with Plate xxir. B^ K. 
Etheridge, Jr., Paleontologist. 

Descriptive catalogue of the exhibits of metals, minerals, fossils and 
timbers (government and private) at the Melbourne centennial inter- 
national exhibition, 1888. On behalf of the commission of New South 
Wales. 

Handbuch der Mineralogia, von Dr. C. Hintse. lata liefimiBg, 
mit 63 Abbildongan im Text, Leipzig, 1889, pp. 169. Tli#wai^ wtt 
form two volumes, appearing one or two parts yeariy. To be com- 
pleted in three or four years. 

Geological Position of the "Wek-Pass Stone," New Zealasd. By 
Capt. F. W. Hutton. Quar, Jr. Oeol. Soc. Aug. 188& 

Correlations of the Curiosity Shop Bed, New Zealand. By the same. 
Ibid. Nov. 1885. 

Eruption of MoUnt Tarawera. By the same. Ibid. May, 1887. 

The Geological Record for 1880-84, (inclusive) ; a list of pnblicatioBS 
on geology, mineralogy and palaeontology published during those 
years. Edited by William Topley and Charles Davies Sherbom. Vol. 
II. London. Taylor and Francis. 8vo. pp. 563. 10 shillings sixp e n ce. 

Taranganba gold mine. Queensland. By Robert L. Jack, Govern- 
ment Geologist. 1889. 4to. 10 pp. 
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IifTKRSSTiNG NORWEGIAN Geology. SilurfossiUr og preutde Kimfflo- 
meraier i Bergensskifrene af Hans H. Reusch. Kriatiania, 1883. Uni- 
versitetsprogram for Iste Halvaar 1883. pp. 152. Accompanied by a 
colored geological map, 2 plates of fossils and 89 cuts in the text.' 

This essay, though some years old, possesses a renewed interest for 
readers of The Geologist, to whose attention similar phenomena have 

^ There is a German edition of this bv Dr. II. Baldauf, entitled : Die 
Fossilierfuhrenden kristalliniBchen Schiefer von Bergen, Leipzig, 1883. 
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"been presented during the current year. It is a careful and detailed 
study of the geology of a limited district in the vicinity ol Bergen, 
Norway. The geology in general has an Archean aspect. The bedded 
rocks stand vertically, thongh in places mnch disturbed, and they 
embrace many varieties of crystalline schists and gnetaseSy'asaociated 
with diorites, diorite-8chists« gabbros and other iorms of tufts and 
emptives. The features of chief interest, however, are conglomeritic 
gneisses, and fossiliferous phyllites and limestones interstratifled with 
the gneisses and crystalline schists. 

These phenomena were studied especially at three separate points, 
Os5ren, Trengereld, and the mountain Ulriken. In the environs of 
Osdren are described the following petrographic forms : 

1. Quartziferous talc-mica schist; the quartz occurring partly in 
very small and thin lenses, and partly in larger ones, attaining occa- 
sionally a metre in length. This rock contains also layers of a finely 
granulated gray gneiss with very little mica. 

2. Diorite schists in two zones, a northern and « southern. Both 
are associated with hornblende schist, chlorite schist, gneiss often 
rich in chlorite, granulite and green slates. The latter are sometimes 
so elosely intersected by fine granite and granulite veins as to present 
the appearance of a breccia. In this connection is a rock consisting 
either almost entirely of coarsely crystalline hornblende or of large 
hornblende crystals up to a centimetre in size, scattered in a mass of 
fine hornblende crystals. In the granulite occur lenses of granular 
quartz. The hornblende schist is laminated by films of chlorite, and 
contains flat lenses of finely granulated feldspar var3ring from the 
thickness of paper to that of pasteboard. 

3. Polygenous conglomerate, of which the constituent pebbles have 
been compressed until they assume in places the forms of thin lenses. 
Their longest dimension is in the plane of bedding, and in the direction 
of the strike. The least is transverse to the bedding. This rock some- 
times presents a crumpled appearance. Mica and chlorite often appear 
in such a manner as to prove them epigenetic. Where the conglomer- 
ate has been subjected to extraordinary pressure, and mica is in 
abundance, its appearance is similar to that of mica schist ; but where 
hornblende is in excess, it has the appearance of hornblende schist. 
These conglomerate beds are in alternation with gray gneiss, black 
micaceous phyllite and ''eye-gneiss.'' 

4. The "Osgneiss" (Augen-gneiss, eye gneiss) unlike the proper 
Augen-gneiss of the Germans, has "eyes'* of whitish quartz in the 
midst of obscurely stratified feldspathic rock. The feldspar contains 
laminse of chlorite which in some places is substituted by black mica. 

5. Phyllites. These occur in two similar zones, both of which con- 
tain fossils. Accessories of dull or black mica cause incomplete trans- 
itions to mica schist, and thence to perfect muscovite schist. The 
phyllites contain occasional beds of fine granular gneiss ; also distinct 
layers of limestone and small balls of dark colored limestone, with fos- 
sils changed into calcareous spar. The fossils recognized are Ilalynitet 
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caUnularia,CycUhophyllum f Syringophyllum and gasteropods resemWing 
Murchieania and Subulites, In the northern phyllite zone .occur 
quartzoee sandstones and conglomerates. The groandmass of one of 
the conglomerates is greenish chlorite. This, as well as the pebhlee, 
is penetrated by hornblende crystals evidently epigenetic. This zone 
contains a great abundance of fossils, including GraptoliUs. They occur 
in a very lustrous shale of light gray color appearing to consist chiefly 
of muscovite. The rock contains weathered balls of limestone with 
faint traces of chain corals. In the shale occur also, CcUymene, Phaeoptt 
Brachiopods and other forms indicating the horizon of the Upper Silur- 
ian. The pebblen of the conglomerates are always elongated ellipsoids 
and lie parallel with the strike. 

6. Chloritic sparagmite, composed of small fragments of gr^nish, 
small-grained rock particles difficult to determine; and full of chloride 
and black mica. Sometimes the rock has a gneissic appearance ; at 
others the fragments are so large as to present a perfect conglomerate. 

7. Calciferous gneiss. This occurs in proximity to the saussurite- 
gabbro. 

8. Saussurite-gabbro. The structure of some portions resembles 
the Eiesenjlaseratructur of the Germans. It consists of lenses of gabbro 
of irregular grain or parallel structure. The lenses are surrounded by 
ampbibolite schist. Mineralogically it consists of saussurite and 
greenish diallage. It embodies in places, fine grained, sometimes 
slaty, feldspar-bearing liornblende rock, and in one region becomes 
beautifully stratified. The latter variety is intersected by veins, and 
contains also, considerable masses of unstratified saussurite-gabbro. 
But the interruptions are not accompanied by displacements of the 
strata. Portions of the gabbro are rich in olivine. 

9. The crystalline schists of Lysekloster appear somewhat transi- 
tional between the dioritic and hornblendic schists and a peculiar 



gneiss. 



In the neighborhood of Trengereid are found marbles, polygenous 
conglomerates as at Osoren, (occurring in six outcrops) several varie- 
ties of gneiss, quartzite, mica schist and Flaser-gabbro. In the marble 
are ?encrinite stems and Chain-coral. In the immediate vicinity of 
IJergen, the same varieties of rocks occur. Over quartz schist lies red- 
dish and grayish gneiss. In the vicinity is a crumpled porphyritic 
j^neiss. The conglomerate consists of a quartziferous mica schist rich in 
chlorite, and strewn with peddles of porphyritic gneiss-graoite and 
other varieties of gneiss and granite. 

In the Ulriken district, gneisses are the prevailing rocks ; but the 
peculiarities of these need not here be mentioned. 

The regions described exhibit the phenomena of metamorphism in 
a characteristic and striking development. It is beyond controversy 
that the marbles, phyllites and quartzites have had a sedimentary ori- 
gin. The Os 'gneiss is also, with little possible question, originally 
sedimentary. Dr. Keusch expresses the opinion that the gniQissj&s 
were originally formed of loose material, (gravel of granite or gneuiS^ 



' Correspondence. 317 

and may even have consisted of larger pebbles of gneiss or granite; 
The granulite is also clearly stratified and presomably a metamorphic 
rock. These facts and opinions recall those presented by Dr. Edward 
Hitchcock in the Geology of Vermont, and those at Obermittweida in 
Saxony, and the conglomerates in similar sitnations in Cieinada.' Dr. 
l^ensch is also clearly of the opinion that the pebbles of the conglom- 
erates have been flattened, and in many cases stretched or elongated 
after being softened by igneo-aqneous action. The partially folded 
lenses of the green gneiss of Trengereid he regards as a pressed breccia. 
A brecciated condition, as he suggests, sometimes results from the 
presence of a multitude of thin intersecting veins ; and the anomalous 
occurrence of a plicated bed between two unplicated beds he explains 
ingeniously by the slipping of one of the unplicated ones over the 
other, with an intervening bed which wrinkles instead of slipping 
bodily. 

Th^se gneissic and schistic rocks of Upper Silurian age or later, 
derived from indisputable sedimentary terranes, indicate, like other 
similar facts long known, the possibility— perhaps the probability — of 
a similar origin for the similar rocks occurring in sub-Cambria^ zones. 

B&mmelden og Karmden med omgiveUer geologiik beskrevne af Dr. Hans 
Reusch. With 3 colored charts, 205 cuts in the text and an English 
summary of the contents. Udgivet af den geologiske undersogelske. 
Royal 8 vo. pp. 442, Kristiania, 1888.' 

This elegantly printed volume contains a continuation of br. 
Reusch's careful investigations of the geology of Norway. It pos- 
sesses interest, like his former memoir ^(noticed above) for American 
geologists, because much of the geology of Norway, as Macfariane long 
ago pointed out, is the counterpart of the Areha&an geology of Canada 
and the United States, and because the principles elucidated by Nor- 
wegian, geology possess direct and fruitful application in the solution 
of problems in American geology. , 

The regions described in this volume extend from Bergen southward 
to Stavanger, including the borders of the Hardanger, Bommel and 
Bokne fiords ; but more particularly the environs of Bommelo and 
Karmo. The rocks appear to be chiefly of Archaean, Primordial and 
Silurian age. Petrographically they are gneiss and granite, mostly 
Archaean, associated with crystalline schists, chiefly clay-slates and in 
places containing Primordial fossils. The fossils are sometimes in 
limestones embraced in the slates. Angular fragments, large and 
small, occur in the gneisses and granites, and the former, in numerous 
localities described, hold ellipsoidal, bowlder-like foreign fragments, 
disposed in courses, which are frequently accumulated to such extent 
as to result in proper conglomerates. In the forms of the fossils and 
pebbles the author sees remarkable evidences of compression and 

*0n the relation of conglomerates to gneisses and crystalline schists, 
see the articles by A. Winchell in The American Geologist, March 
and April, 1889, where references may be found. 

^ See a review of this work in this journal, vol. in. p. 335. 
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stretching. The bowlder forms are sometimes completely flmttened. 
Like others, he traces a connection between these actions and fiasility 
in the rocks. The banded arrangement of the mica in certain gneiasic 
rocks he regards as an effect of stretching ; and this, he saya, ia often 
independent of the dip. Not unfreqnently a gneiss and the conglom- 
erate bedded in it are both stretched in the same direction, thus mak- 
ing it evident that the gneiss assumed to be stretched is really 
stretched. As a result of pressure certain granitic rocks assume the 
condition described as gneiss granite and porphyritic gneiss. The 
stretching phenomena have a direction parallel with the axes of the 
great and small folds resulting from erogenic efforts, and- hence the 
author concludes, perhaps too readily, that the small folds and 
crumplings of the rocks are also an effect of stretching. But the par- 
allelbm of the stretching direction and the folding axes may have only 
a coincident, not a causal, relation. The erogenic disturbance of the 
Scandinavian peninsula is thought to constitute, with that of the 
British Islands, a single system, only interrupted by the subsidence 
of the area of the German ocean. 

It is not important to notice here the distribution of the geological 
features of the region described ; nor to refer specifically to the differ- 
ent petrographic features brought into view. A few points of unnsoal 
interest may, however, be mentioned. A large development occurs on 
the B6mmelo (island) — partly described heretofore as sanssurite- 
gabbro — in which the evidence is that the hornblende is an ancient 
augite altered into uralite— kernels of diallage sometimes remaining. 
An associated rock is a quartz-porphyry tuff— in older descriptions 
called hornstone porphyry or 'quartzite, composed mostly of sharp- 
edged fragments, and evidently clastic in nature. This in other places 
becomes an obscure mixture of quartz and feldspar, with a granitic 
appearance. The rocks in this region are traversed by altered difibase 
dikes of various ages. Younger than these are auriferous quartz veins. 
Of the dikes mentioned, some are called "slate dikes." They are 
dike-formed masses consisting of a soft schist whose dominant compo- 
nents are chlorite and calcite or dolomite. These are considered 
altered diabase dikes. The diorite shows some interesting passages 
into schists. Along the boundary line between the diorite and the 
quartz-porphyry, the former becomes fissile. In approaching the 
boundary it is seen to contain chlorite laminse which divide it into 
lenses. Closer to the boundary these increase in number, and the 
diorite becomes more and more slaty till it passes into a wholly 
chloritic schist. 

The clay -slate, somewhat to the northwest of the granitoid rocks, on 
islands near the coast, is shown under the microscope, to be wholly 
crystalline, consisting of fine-grained quartz, feldspar and muscovite 
with occasional calcite, and sometimes graduating into muscovite 
schist. 

On the eastern shore of the Bommelo is a peculiar rock. It is a 
granular crystalline, gray granitic rock, stained with dark spots. 
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where biotite specially abounds. In the same mass are diatinct 
roanded fragments of fine gray gneiss, feldspathic quartzite and white . 
qliartx. The fragments are often the size of a man's head and larger. 
The qaartz fragments have sharp contours ; those of feldspathic quarts 
are less distinct ; while the gneiss fragments are welded into the sor- 
roonding rock, often appearing simply as dark patches. In the north- 
em portions^ the gronndmass assumes a parallel structure, and gradu- 
ally merges, by loss of fragments, into common granite. The author 
supposes that the rock was originally puddingstone, in which the 
fragments have mostly consisted of gneiss and granite. ThoAeionly 
have been left that contained most quartz ; the rest have changed into 
a granitic mass. 

A fine-grained diorite is described, interwoven with innumerable 
granite veins of various ages. The veins are so welded into the diorite 
that the whole assumes the appearance of a hornblende gneiss. In some 
places fragments of different mineralogical. composition are enclosed, 
without order. The author suggests that a formation composed of 
different varieties of rock may have been broken to pieces, and these 
by motion in the fluid granitic mass, mingled together. Many exam- 
ples are described of granites enclosing fragments of other rocks. A 
<!ase is mentioned in which a mass of gneiss is changed by granite 
veins, into a breccia. The fragments are flattened as if by pressure. 
The rock is traversed by a schistose, flne crystalline dike consisting 
of hornblende, biotite, chlorite, with quartz as an interstitial filling. 
The schistosity runs parallel with the flattened fragments in the sur- 
rounding mass. 

In some of the dioritic regions, the diorite is intepm>ven^withrinmi- 
merable granitic dikes and veins. Where the sides of the granite 
dikes can be seen, they are grooved in the direction of the stretching. 
The dikes in general, follow the foliation of the diorite, and they some- 
times surpass in volume the dioritic rock. A person unacquainted 
with the general geological structure of the country might imagine 
veritable stratification. 

In reference to the origin of some of the granitic rocks and other 
eruptives. Dr. Reusch says : "The quartz eye-gneiss of Karmoen and 
the granite of the Bommelo contain interbedded masses of fragmental 
rocks merging into the surrounding massive rocks, and making it 
probable that the latter were also originally clastic, as before suggested 
in reference to some of the (Silurian) gneisses of the Bergen peninsula." 
He thinks the various non-gneissic masses included in the granites are 
the remains of rocks originally interbedded in the fragmental rocks 
from which the granite originated. Respecting gneissic masses in- 
cluded or interbedded, he is in doubt; but he inclines to think them 
structural varieties of the granite ; since, for most of the comparatively 
massive gneiss-granite, it is difficult to assume another origin ; as we 
find all transitions to varieties exhibiting quite characteristic granite 
structure. Nevertheless, we find central masses of granite undoubt- 
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edly eruptive, and ramifying into dikes and veins which pierce the 
sorroonding terranes. 

The tract under consideration where we observe the remarkable con- 
nection between a fragmental rock, a granite conglomerate and a true 
granite, must lead us to reflect, he says, on the origin of plutonic rocks 
in general* He iiolds that in some cases, originally sedimentary rocks 
may be regionally metamorphosed, and at last protruded as true 
eruptives. A . Winchell . 

Ann ArhoTi Oct. 10, 1889, 
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Prof. P. H. Snow has been appointed acting president of 
Kannas State University. Thus four of the western States have 
for presidents of their universities men whose professional 
training and labor had been scientific. Indiana has D. S. Jor- 
dan, an ichthyologist, Wisconsin has T. C. Chamberlin, a geol- 
ogist, Iowa has C. A. Schaeffer, a chemist, and Kansas now 
has F. H. Snow, a geologist. 

The University op Texas, School of Geology, Austin, 
established and conducted by Prof. Robert T. Hill, exhibits 
a commendable appreciation of the sphere that such an organ- 
ization should occupy, and, considering the great difficulties 
that environ such an enterprise in the newer institutions of 
learning, its activity and success are phenomenal. Its publi- 
cations are of great value to Texas and to geology in general 
and they manifest an energy and scientific skill that would be 
creditable to other and older institutions. It would be well 
if all state universities should maintain some similar agency 
for the publication of important scientific research. Particu- 
larly in western institutions are such auxiliaries needed. They 
have the material and the men to organize scientific bureaus, 
and they are beginning to realize the loss they are suffering 
by depending on the older institutions of the eastern States 
and on other means of publication. 

The late meeting (for October) of the Mi^inesota Acad- 
emy of Natural Sciences was the first held in the new building 
erected by the city of Minneapolis, known as the "City Library.'' 
The entire second floor of this building is to be occupied bv 
the Academy. There was a large attendance. Papers were reaci 
bv Prof. N. H. Winchell on The so-called Huronian rocks in 
tne vicinity of Sudbury, Canada ; by Mr. H. V. Winchell on 
The iron-hearing formations of Minnesota ; by Prof. Chancy, 
of North field, on Some remarkable forms supposed to be of 
Cryptozoon in the Shakopee limestone at Ncrthfield; and by 
Mr. Warren Upham on A recent visit to Itasca lake. 
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GEORGE H. cook, LATE STATE GEOLOGIST OP 

NEW jersey! 

John C. Smock. 

Dr. George H. Cook, state geologist of New Jersey and vice 
president of Rutgers College, died at his residence in New 
Brunswick, N. J., Sunday, September 22, 1889. 

T) ^ sudden death of one who was apparently in robust 
health and occupied with the responsible duties of directing a 
atate geological survey and an agricultural experiment Btation, 
besides filling other positions of wide influence, has called out 
many expressions of a feeling of personal bereavement and of 
loss to the state and college which he served so long and so 
faithfully and to science in which he was an eminent leader. 
His efficient and successful management of the geological 
aurvey had gained for him a well earned and world-wide repu- 
tation and his amiable and generous nature and his unselfish 
devotion to science and to the highest interests of the people 
within the circle of his official influence, won for him a host of 
friends. As a teacher in the Rensselaer Polytechnic Institute, 
in the Albany Academy, and in Rutgers College he had given 
instruction in the natural sciences to a large number of pupils, 
many of whom now mourn their loss. 

George Hammell Cook was born at Hanover, in Morris 
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county, New Jersey, January 5, 1818. His early education 
was obtained in the country school of his native town. After 
leaving school he was for a time engaged in surveying the line 
of the Morris and Essex railroad. In 1838 he entered the 
Rensselaer Polytechnic Institute at Troy, where he was grad- 
uated in 1839. In that institution he came under the instruc- 
tion of Amos Eaton and acquired that love for the natural 
sciences with which that famous teacher inspired all who 
heard him. After graduation he was employed as tutor, then 
as adjunct professor, and from 1842 to 1846, as senior professor 
in the Institute. Removing to Albany he was engaged for a 
short time in business. In 1848 he entered the faculty of the 
Albany Academy as professor of mathematics and natural 
philosophy, and in 1851 was made principal, which place he 
filled until 1853 when he was called to the chair of chemistry 
and natural sciences in Rutgers College. He was elected 
vice president of the college in 1864, and in 1867 agriculture 
was added to his professorial work. The subsequent addi- 
tional professorship in chemistry and geology relieved him of 
a part of his college duties, and from 1880 on he retained 
geology and agriculture. Rutgers Scientific School and the 
State College of Agriculture and the Mechanic Arts, established 
at New Brunswick, owe their existence and their prosperity 
largely to his earnest and persevering eff'orts in securing the 
congressional grant of public lands for the support of state 
colleges, and to his successful appeals for the legislative act 
in behalf of the Rutgers Scientific School. The education of 
the farmer and the promotion of agriculture were subjects of 
much thought and, after years of patient and unwearied 
cfi^ort, he rejoiced in the establishment of a state agricultural 
experiment station at New Brunswick and in connection with 
the state college. It was organized in 1880 with him as its 
director. His wise and economic administration brought 
increased appropriations and, in 1888, a special gift for the 
erection of a large and well planned building to be devoted to 
scientific investigations and experiments for the benefit of 
agriculture. No other state agricultural experiment station 
in our country has reached so large a part of the farming pop- 
ulation of the state in which it is located. Its hold on the far- 
mer is the evidence of the valuable work it has done for him. 
Dr. Cook's official position in the geological survey of New 
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Jersey began in 1854, when he became associated with the late 
Dr. William Kitchell, state geologist. He was assistant geol- 
ogist in charge of the southern division of the state for three 
years and made reports on the green-sand marl beds, on the 
clay beds, on the coast changes, and a final report on the 
<30unty of Cape May. The most notable results of his survey 
were the discovery of a subsidence of the coast and the strati- 
graphical relations of the green-sand marl beds. A paper on. 
the coast changes of level was read by him at the meeting of 
the American Association Adv. Sci. in Montreal in 1857. The 
relation of the several marl beds to one another and to the 
associated sand beds was worked out by him, and the stratig- 
raphy was proven to be correct by the instrumental observa- 
tions which he had made. Thus, almost at the outSet of his 
long connection with the state survey, and his successful 
administration, he began the topographic work which has 
made that survey so useful to the people of New Jersey, and 
which upon its completion reflected so much credit and honor 
upon him. The structure of the whole southern part of the 
state was practically made out at that time. The studies of 
succeeding years have demonstrated the correctness of the 
stratigraphical order in the green-sand marl beds and added 
to the geological column the overlying and newer beds. 

The geological survey was suspended from 1856 to 1863. 
The state legislature put the property of the survey in his care 
in 1863, and he made a report of his work to the State at tfte 
close of the season. The advantages of a geological survey 
and the desirability of completing it, moved the Legislature 
to order its resumption and he was made state geologist by an 
act of the Legislature passed in 1864. He held this position 
for a quarter of a century — and to his death. The results of 
the first quadrennial term were published in 1868 in the ^'Geol- 
ogy of New Jersey." * They were found to be of so much 
value to the people of the state that the survey was ordered to 
be continued a further term of four years. Supplementary 
acts passed by the Legislatures of 1872, 1876, 1880 and 1885 
authorized the continuance of the survey. The almost unani- 
mous votes in passing these acts show the confidence placed 
in him as the head of the survey ; and the long official tenure 

* ** Geology of New Jersey/' Newark, 1868, pp. xxiv and 900 with 
portfolio of maps. 
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of the office is unparalleled in the history of geological surveys 
in our country. The annual reports of the state geologist for 
the years 1869-1888 inclusive have given the records of the 
work done each succeeding year and represent the varied direc- 
tions in which the investigations of the survey have been 
guided by him. In 1878 the report on the clay deposits of the 
state^ appeared. The need of detailed topographic surveys as 
a basis for geological maps and their value in tracing out the 
stratigraphical relations within a small territory were shown 
in the map of the clay districts of Middlesex county, the first 
one of that series of the topographic department of the survey. 
The severe tests to which that map has been put and its tried 
value to the fire-clay and potter's-clay industries of the state 
constitii|e one of the most potent arguments for the usefulness 
of geological surveys and exhibit both the sagacity and the 
prudence of Dr. Cook in his direction of the survey. 

The geological structure of the magnetic iron-ore beds in the 
northern part of the state, described in so clear and plain 
terms as to be of the greatest service to the iron miner and 
the iron-ore prospector, is another evidence of the practical 
direction of his investigations and of their service in develop- 
ing the mineral resources of the state. These deposits were 
described by Prof. Rogers as veins and unstratified. The 
surveys of Dr, Cook showed them to be bedded members, in 
the crystalline rock series ; and his later work indicated their 
occurrence in certain horizons in the Archaean group. To the 
geologist and to the mining engineer the full descriptions of 
the forms and location of these lenticular-shaped iron-ore beds 
are of the first importance, both in the study of the structure 
of the whole crystalline rock series and in the exploitation of 
the territory in search of additional ore supplies. The full 
and practical directions for the use of the magnetic compass 
in searching for ore and the magnetic survey of the state 
afford valuable data to the future explorer and suggest a more 
exhaustive survey in order to determine the horizon of the 
iron ores and their relation to the associated rocks. 

Dr. Cook was one of the first to discover the existence of a 
great terminal moraine in the eastern United States, and his 
first public announcement of it was in a paper read at the 

' Report on the Clay Deposits of Woodbridge, South Amboy and 
other places in New Jersey.'* Trenton, 1878, 8vo, vin and 381 pp. 
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Wilkesbarre meeting of the American Institute of Mining 
Engineers, in May, 1877, "On the southern limit of the last 
glacial drift across New Jersey and the adjacent parts of New 
York and Pennsylvania." A description of this moraine ap- 
peared in his annual reports for the years 1877 and 1878. The 
clew to its existence was in the absence of the characteristic 
red sandstone and red shale in the stratified drift deposits in 
the southern central part of the state ; and starting with this 
hint the southern limits of unsorted drift were followed east- 
ward on Long Island and west of the Delaware to the Susque- 
hanna. This study of glacial formations was fascinating and 
important, but the intense loyalty of the man to the practical 
interests of the people, for whom and by whom the survey was 
authorized, prevented him from following the subject where its 
application would have been of little real value, although it 
would have given him honor and gratified a natural thirst for 
additional knowledge. 

The most conspicuous work of the geological survey was 
the production of the atlas of topographic maps. They are 
on a scale of one mile to the inch and show the configuration 
of the surface with accuracy and in much detail as to streams* 
roads, &c., and they are sought after by land surv'eyors, civil 
engineers, miners, and all who have occasion to examine the 
surface or study topography and geology. Geologists who 
have been obliged to use inaccurate maps can appreciate their 
value and give to Dr. Cook the credit of inaugurating the first 
accurate state topographic survey in connection with geolog- 
ical work in our country. And they will serve their highest 
scientific use in the revelations of structure yet to be read in 
these surface lines by the future student wh(» may continue 
the survey of this best mapped state. 

The practical direction of the survey was not confined to 
the above indicated channels, but flowed out wherever it could 
do service and minister to the people. The betterment of the 
soil, through the use of the natural fertilizer, the mapping of 
the forested areas and their description, the drainage of the 
swamp lands, the sources of abundant and wholesome sup- 
plies of water from artesian wells and from the natural reser- 
voirs of the state, the climate and the whole physiography of 
the state were studied. His reports had the rare merit of plain, 
concise vet clear statements of facts which were understood 
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by those for whom they were written. And his conservatism 
kept him from hasty and glittering generalities and from the 
corrections and retractions incidental to undue haste and 
excessive personal ambition. 

One volume of the final report had appeared and a second 
one was about ready to be sent to press at the time of his 
death. His plan contemplated its publication in four volumes, 
including a summary of the geology of the state and a report 
on the paheontology. 

Dr. Cook was honored by membership in many societies. 
At the Cleveland meeting of the American Association he gave 
the vice-presidential address in Section E. In 1887 he was 
elected a member of the National Academy of Science. Of the 
International Geological Congress he was an active member 
and the reporter of the Mesozoic. From the University of 
New York he had received the degree of Ph. D. as early as 
1856, and Union College had honored him with that of doctor 
of laws. 

A friend whose devotion never wavered, a loyal citizen, 
ready for every duty, a true scientist and a manly Christian, 
he has left an example for us, if we would make the world 
better and wiser. 



THE CINCINNATI ROCKS : WHAT HAS BEEN THEIR 

PHYSICAL HISTORY? 

By Nelson W. Pkbry. 

The group of rocks forming the upper portion of the Lower 
Silurian, and more specifically known as the "Cincinnati 
group," has been for many years one of the most interesting 
to the paUeontologist and geologist. The great abundance 
and variety of its fossils have attracted the attention and study 
of specialists in all parts of the world, and the result is that 
its life history is now pretty well understood. Tlie physical 
history of this group, however, has been but little studied, 
and even to-day we fmd but little in literature bearing on this 
subject. 

The problems presented are of a peculiar nature and seem 
not to be duplicated in any other of the great geological 
epochs — certainly not on such a grand scale. This fact has 
not until recently been duly recognized. The phenomena 
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observed have been duly explained by theories some of which 
it seems to the writer are not at all applicable. 

It is the object of this paper to present some of the physical 
peculiarities of the Cincinnati group and to draw from them 
some conclusions to which they seem to point. 

It seems to me that the greatest obstacle to a right under- 
standing of the method of deposition of these rocks has been 
an almost universal belief in the rule that limestones are of 
deep-sea origin. To one wedded to a belief in the universality 
of this law, a fossil, however significant it might be of shallow 
water conditions, if found in sandstone or shale, loses its sig- 
nificance if found in limestone. "Limestone is a deep-sea 
deposit, ergo shallow water indications in limestones are 
impossible. Whatever in limestone is found that resembles 
these must be accounted for in other ways." 

Increased study of these rocks ha» brought to light many 
facts not accessible to the earlier writers, and has thrown such 
additional light on the subject as to necessitate the rejection 
of some of the earlier conclusions. 

We will cite the occurrence at numerous horizons of a wave- 
like structure of the limestone. This is a marked feature from 
the Point Pleasant beds to the very top of the Cincinnati rocks, 
and has attracted the attention of all students of this series. 
These were not thought to be the result of wave action, because 
they were chiefly found in limestone, and limestone being a 
deep-sea deposit was beyond the reach of such agencies. 

Speaking of this wavelike structure, Prof. Orton says :' 
"This peculiar structure was noticed by him (Dr. Locke) in 
the upper beds of the formation, but it is an even more strik- 
ing characteristic of the rock in its lower beds as shown in 
the river quarries of Cincinnati or in the lowermost 100 feet 
that are there exposed. * * The waved layers are overlain by 
shale in every instance. Dr. Locke's explanation of these facts, 
involving a fluid state of the carbonate of lime and sheets of 
shale falling in 'vertical strata' through the deep seas, seems 
entirely inadmissable.^' 

"The only other explanation thus far proffered (1873) is 
that suggested by the name, viz. : that the floor of the Cin- 
cinnati sea was acted on from time to time by waves or similar 
movements of the ocean waters. In opposition to this view 

* Geological survey of Ohio, vol. i, p. .377. 
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it may be said : 1st, that there are many reasons for believ- 
ing that the Cincinnati rocks grew upon the floor of a deep 
sea* far below the action of surface waves ; and 2nd, that the 
limestone layers alone* being thus shaped, is sufficient to set 
aside tlie explanation. 

''If these inequalities of surface are due to wave action of 
^iny sort, it is impossible to see why the action should be 
limited entirely to the finest limestone beds* of the series while 
the soft shales which could so easily register* any movement 
-of the waters nemr* exhibit the slightest indication of such 
agencies. 

''While botli of these modes of accounting for the facts are 
rejected as entirely untrustworthy, nothing in the way of 
explanation will be offered here, but the suggestion that the 
facts seem to point to a concretionary action as the force to 
which we must look." 

I have quoted Prof. Orton thus fully to show the opinion 
prevailing, as well as his own, at the time the report was pub- 
lished (1873) — opinions evidently formed under the impres- 
sion that limestones must be of deep-sea origin. 

Dr. Newberry, however, with that keen sagacity in the inter- 
pretation of geological phenomena for which he is so widely 
known, differed most radically from the generally accepted 
views.- ''The earthy limestones of the Hudson period indicate 
a shallowing and retreating sea — an approach to land condi- 
tigns, and the completion of one cycle of deposition.*' 

Interspersed among the strata are found, besides those com- 
posed of fine-grained compact limestones, others that are 
made up almost entirely of fossil remains — sometimes fairly 
cemented together, at others scarcely at all, so that on the 
slightest exposure to the weather they disintegrate and crum- 
ble apart. In such strata an unbroken or nearly perfect fos- 
sil is rarely found. In other places strata of considerable 
thickness are found, lar<!;ely com])osed of the valves of 
Strophoniena, etc., lying up against each other at an angle to 
the ])lanc of stratification and almost devoid of cementing 
material. There are still others, usually of an earthy charac- 
ter, that are full of peculiar markings that have been variously 

* ItalioH are mine. — N. W. P. 

* Itiilica are mine and will be referred to further on. 
- < leoloL'iral surv(>y of Ohio, vol. i, p. 01. 
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interpreted as trails of annelids, mollusks, etc., and the im- 
pressions of fucoids. Still further examination has disclosed 
markings such as might be made by trickling water, others 
that look like mudcracks, and so on. 

These have been more particularly noticed in the vicinity 
of the wave-mark horizons, and have led Shaler of Kentucky, 
and Prof. Jos. F. James, to the conclusion that thcv indicate 
ancient beach-marks. The latter, in a paper which appeared 
in "Science," March 20, 1885, vol. v. p. 231 et seq., speaks of 
^11 of these, and concludes that there are at least two well 
defined beaches and probably others not yet discovered. To, 
account for these he assumes as many alternate upheavals 
and depressions of the ancient sea bottom, but says nothing 
to imply that he does not believe the general condition of the 
sea to have been a deep one. To substantiate his opinion of 
the littoral character of these two or more horizons, he gath-* 
ers together many evidences not before published, I believe,- 
and sustains his argument in a masterly and convincing 
manner. 

My own attention was especially called to the study of thtj 
physical history of these rocks three summers ago when! 
found in an exposure on the Four Mile creek, near Oxford, 
Butler county, O., a slab about fourteen inches in length by. 
nine inches broad, beautifully covered on oneside with unmis-. 
takable rain-drop impressions. (Fig.l)This slab was of limestone 
of the average grade of purity found throughout the Cincinnati 
group, and was an exceedingly interesting specimen. Botli, 
above it and below it were strata bearing the **dumb-bell" fos- 
sil, and filled with trails and other markings, all of which 
seemed indicative of littoral conditions. But to make the 
concHision positive it seemed necessary that other concurrent 
testimony be adduced, such as wave-marks, rill-marks, mud- 
cracks, etc., and I have devoted myself at intervals ever since, 
to collecting such evidence. 

Dr. F. W. McFarland, then president of Miami University, 
xipon seeing the specimen, at once recognized its value and 
importance, and most kindly volunteered to run a line of 
levels from some established bench-mark to the horizon from 
whence the rock came. Previous to this the village of Oxford 
had sunk an unsuccessful gas- well near the C. H. it I. depot 
which had given us a complete geological section from near 
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the top of the Cincinnati series down into the Calciferous 
sandrock. Choosing the railroad levels at the depot as his 
bench-mark he and his class in engineering ran a line of levels 
to the spot where the stone was found — a distance of about 
five miles — and we were thus enabled to locate the horizon 
with great exactness and found it to be within a few inches of 
600 feet above the top of the Trenton limestone. In this 
estimate the 50 feet of dark shaly stone found in the gas-well 
section, supposed to be the equivalent to the Pt. Pleasant beds, 
were regarded as not belonging to the Trenton and are in- 
cluded in the figures mentioned. 

Frequent visits to this locality, known as **Smiley's Dam," 
have always resulted in finding other specimens of raindrop 
impressions. 

Some time later, having interested Mr. David McCord of 
Oxford in my work, we visited together a locality known as 
"Little Four Mile." The stream was perfectly dry, affording 
an excellent opportunity of examining its bed. At a place 
known as Ridenour's Mills the bed consisted of a succession 
of large stony floors — often fifty feet square or more — com- 
posed of successive strata of compact limestone. Going up 
stream from Ridenour's Mills we found almost every stratum 
distinctly wave-marked. The waves were of all sizes from 
what would correspond with the gentle roll of the sea, indi- 
cating comparatively deep water, and having their ridges 
many feet apart, down to the tiniest little ripple-marks that 
could onlv have been formed in the shallowest and most cir- 
cumscribed pools. These wave-marks differed in direction in 
different strata, but were, with the exception to be noted, all 
in very pure limestone. Some of the strata were composed of 
the very finest and homogeneous material of a deep blue color, 
while others, equally hard and compact perhaps, were made 
up of crinoidal and shell-fragments — the limestone sand of a 
former l)oach. Here as elsewhere throughout the Cincinnati 
group the limestones alternate with strata of shale. I was 
much interested in finding in this shale also distinct ripple- 
marks. I have a photograph made by Mr. William McCord 
from speciTuens collected by his father, Mr. David McCord, on 
this same trip, which represents the ripples about three-quar- 
ters their natural size.(Fig.2)I think no one can look upon these 
and other similar specimens collected and doubt their origin. 
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I have found equally good ripple marks in the shale at other 
horizons, but perfect as these are they are scarcely more so 
than those found in the limestone strata at a dozen or more 
horizons exposed in the bed of this same creek. I know of no 
locality where the evidence of former wave action can be 
studied, on so large a scale and to such good advantage, as in 
the bed of this creek when it is dry. In making such a study 
one also becomes familiarwith many otherindications of shal- 
low water deposition, which if seen alone would not warrant 
this interpretation, but associated as they are, seem to permit 
of no other construction. These have been invaluable to me 
in my later work, but while I can not regard them when alone 
as positive evidence, yet they are presumptive proof which 
amounts almost to certainty when two or more are found 
together. 

Prof. C. W. Hargitt, having been appointed to the chair of 
Geology and Biology at Miami University, becoming ac- 
quainted with the work I was engaged in, became quite inter- 
ested and visited with me many o the localities where expos- 
ures of especial interest were to be found. I had not yet 
found mud-cracks, but he had, and at my request sent for a 
photograph of the same. He also kindly wrote a description 
of the specimen which I quote in full. 

"A rock measuring 17x26 inches (approximately) was 
obtained from the Lower Silurian of Dearborn county, Indi- 
ana, at about 600 feet above the base of the Cincinnati group, 
as estimated from the surveys of the 0. & M. R. R., and from 
measurements taken from the Lawrenceburgh gas- wells, thus 
making the horizon at which these evidences are very marked 
about the same as that of the raindrop impressions, etc. 
This slab (mud-cracks) is now in the museum of Moore's 
Hill College, Indiana, where it can be seen at any time. By 
chemical tests it proved to be a good quality of limestone, as 
is much of that found in the same region." (Fig. 3 ) 

Referring to the italicized portions of the quotation from 
Prof. Orton, which express reasons why some of these phe- 
nomena are not what they seem to be — Prof. Orton says that 
"the limestone layevH alone being thus shaped is sufficient to 
set aside the explanation," viz. : that the wave-like structure 
was due to wave action. We have found that the ripple or 
wave-marks are not confined to the limestone strata ; we have 
found several horizons where they occur in shale. 
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He also says : *'If these inequalities of surface are due to 
wave action of any sort, it is impossible to see why the actioa 
should bb limited entirely to the finest limestone beds of the 
series, while the soft shales which could so easily register any 
movement of the waters never exhibit the slightest IndicationB 
of such agencies.'" 

The wave-marks at Ludlow, Ky., which have crests Bome 
six or seven inches high and whose distance apart is three or 
more feet, are in limestone not of the finest structure, but on 
the contrary of very coarse structure. They are almost wholly: 
made up of the fragments of crinoid stems and other equally- 
coarse debris. This is also the case in manv other lobalities 
visited where waves of similar size were found, though they do 
also occur in the finer limestones, as in some of the horizonft 
in the Little Four Mile cn?ek. 

His statement that the soft shales "could so easily register 
any of the movements of the water'- does not seem to me to 
be in accordance with good reasoning. It would seem rather 
that they could register the movements of the water only in 
exceptional cases, such as in very small and shallow pools 
where the agitation of the water could not become sufficient 
to keep the very light earthy matter in suspension. Where 
the waves wore larger this material (the shale) would if pre- 
viously deposited be taken into suspension by the agitation of 
the water, and if in suspension would remain so until the 
movement of the water completely subsided when it would be 
slowly deposited in a regular layer, covering up the heavier 
limestone which had kept a record of the movement. Such 
would seem more plausible and entirely in accordance with 
the facts as we have found them. In the shales such mark- 
ings could only bo made and preserved under a concurrence 
of exceptional circumstances, and I therefore look upon their 
discovery as a fortunate and important on(\ instead of one to 
bo expected. 

His suggestion tliat nnirretionary action was probably the 
cause of these so-called wave-marks, must, I think, from the 
evidence of the waves themselves, fall to the ground. 

While some of these markings are found in a very fine- 
grained and homogeneous limestone under conditions where 
concretionary action might be looked for, yet the niajority, 
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especially of the larger waves observed, are in limestone com- 
posed of coarse well defined fragments in which such action 
would not be possible. We also find that where the waves 
occur in the finer grained limestone the stratification remains 
(juite as distinct as in similar strata not thus marked. Had 
concretionary action taken place these lines must necessarily 
have been obliterated. This may be sufficient, but fortunately 
much other evidence is at hand to show that at times, at 
least, the sea was shallow. 

A more extended study of the river quarries near Cincin- 
nati, with but few breaks up to the outliers of the Clinton 
limestone in Preble county, has shown a great number of 
horizons that bear evidence of shallow water conditions. If, 
therefore, we accept Prof. Shaler's and Prof. James' theory 
that each beach-mark represents a period of elevation suc- 
ceeded by one of depression, we^must believe in such frequent 
recurrence of these movements that there should certainly be 
left some evidence of them in the strata, such as faults, meta- 
morphism, etc. These have not been observed as far as we 
know, and it appears to the writer that such a theory is 
entirely unnecessary and has been promulgated because of the 
diflSculty to completely break away from the old assumption 
that limestone is necessarily the product of a deep sea. It 
would appear that the only foundation for such a theory is 
the fact that above each of these "beach-marks" pure lime- 
stone strata are found. 

The most striking feature of the Cincinnati series from its 
base to its top, is the very regular alternation of strata of 
limestone and shale. Each stratum is sharply defined — there 
is no gradual merging of one into the other. Each limestone 
stratum is nearly pure carbonate of lime and magnesia and is 
succeeded by a stratum, calcareous to be sure, but as different 
from the former, and the plane of conformity as distinctly and 
as sharply marked, as though the conditions of deposition 
were not only entirely different, but were instantly, not grad- 
ually, changed. With the older idea of deep-sea origin of the 
limestone and a shallow-sea origin for the shales, we would 
have to assume a long and regularly recurring series of 
cataclysms to account for the structure observed. Such a 
theory is so at variance with geological concepts that I am not 
aware of its ever having been soberly advanced. Hardly less 
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absurd is the statement that "the shale is undoubtedly due to 
the wash of the shores brought there by the moving waters." 
When we remember that Cincinnati, where this peculiar struc- 
ture is observed in all its perfection, was hundreds of miles 
from the nearest shore line, we see the diflSculty in the way of 
this theory. It is also insufficient on other grounds, for if it 
came from any such source and was gradually deposited, we 
should have instead of the pure limestones with sharp defini- 
tion, strata varying in composition from nearly pure carbon- 
ate of lime, and passing through all degrees of mixture until 
the purest shale was reached and vice versa. 

Analyses show that at Waynesville, a sample of the lime- 
etone contained 96.56% of the carbonates of lime and magne- 
sia, whereas analyses* of shales from the same locality give 
the following result : 

Waynesville. , Sycamore Hill. 

Siliceous matter 69.90 81.50 

Alumina and iron 10.24 9.00 

Carb. lime and magnesia. .14.46 6.04 

Potash and soda 5.40 

Phosphoric acid 0.16 

Wc think both of these theories are imtenable and unworthy 
even of second thought. We believe that any theory that 
does not account for the synchronous deposit of both will fail 
to answer all the conditions of the case. We believe that the 
limestone and the shale must have originated at or near 
where they are found to-day, and it is as reasonable to claim 
a foreign origin for one as for the other. The assumption of 
a shallow water origin for one, therefore, involves a like origin 
for the other. If we assume a condition of shallow water 
extending throughout the Cincinnati epoch, and the bed of 
that shallow sea to have been inhabited by a dense animal 
lilo as we know it to have been, and also assume a luxuriant 
flora at the same time we have all the conditions on which 
to base an explanation of these alternating strata of shale and 
limestone. The animal life obtained its lime from the water 
in whicli it lived and the plant life obtained its mineral matter 
from the same source. The dead shells, through constant 
attrition and grinding, were partly reduced to the finest pow- 
der and held in suspension by the agitated water, until, 

^ Wormlcv. 
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through transportation to quieter parts, they were allowed to 
settle. The mineral constituents of the decayed plants had a 
somewhat similar history, though being in an almost inpalpa- 
ble form would remain in suspension longer. If this were 
true and all that occurred, we should find the lower portion 
of each stratum of stone nearly pure carbonates of lime and 
magnesia, but gradually merging into a nearly pure shale at 
the top. But we have assumed a shallow sea, whose bottom 
waa scarcely ever free from the jigging action of surface 
waves. This action would gradually sort the constituents of 
the last-deposited stratum according to size and specific 
gravity. This stratum would eventually be sharply divided 
into two — according to the character of its constituents — the 
bottom layer being composed of mechanically triturated frag- 
ments of shells. 

This theory docs not imply a limited or definite time for 
the formation of the two strata, for after being once deposited 
they may both have been many times taken into suspension 
partially, at least, by more violent disturbances of the water, 
and again deposited. Each repetition of this redeposition 
would tend to mark more sharply the line between the two. 
Finely ground limestone suspended in water tends upon set- 
tling to become quite compact. The writer has experimented 
on this and has obtained a firmer mass by the mere action of 
gravity than he could obtain by compressing the same mate- 
rial by hydraulic power under a pressure of five tons to the 
square inch. 

We may suppose that the purer limestone, separated out as 
above, may have formed a stratum unacted upon by the gen- 
tler movements of the water, while the overlying shale was 
still being kept in motion. In this way the limestone stratum 
might continue to increase in thickness for long periods of 
time, retaining its great purity and always leaving a well 
defined surface upon which the overlying shale might be com- 
pacted when a favorable opportunity, long enough continued, 
should arise. 

This shale, should it be allowed to settle thoroughly and 
remain sufficiently long in this condition, might become 
coherent enough to resist the further jigging action of the 
water. A new deposition would now commence and after 
passing through the same stages we should have two more 
strata — one of limestone and the other of shale. 
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This does away entirely with the deep-sea idea. It also 
does away with the transportation theory to account for the 
shale, which seems under the circumstances to be not at all 
borne out by the observed facts. It, however, assumes a 
shallow sea, even at times extending to land conditions. This 
sea must have been in nearly all parts shallow enough to be 
affected at its bottom by surface waves, and in many cases 
shallow enougli to leave the imprint of these waves in charac- 
ters so strong as not to ])e easily misunderstood. 

That the constituents of the strata must have been orig- 
inally derived from the land, is undoubtedly true, but they 
came in the form of solutions, and not, as some have supposed, 
in finely divided ]>articles transported by streams. 

The necessity of numerous alternate upheavals and depres- 
sions of the forming continent is no longer apparent, but 
another factor seems demanded, viz : a gradual sinking of the 
area during this period. My own idea is that this sinking 
about kept pace with the upward growth of the strata, so that, 
except in a few instances which might be cited, the generally 
shallow character of the water was not much changed until 
near the end when the great upheaval that gave rise to the 
Cincinnati axis put a stop to further aqueous growth and 
changed the condition from — shall I say an amphibious to 
one of dry land? 

If this reasoning be correct, every stratuin of limestone, 
with its accompanying shale constitutes indubitable proof of 
a shallow sea. How deep this sea may have been in its deep- 
est portions it is impossible to tell, but as I am told by old 
lake Erie pilots that after storms on the lake the whole sheet 
of water becomes muddy, we may conclude that portions of 
the Cincinnati sea may have been at least as deep as lake 
Erie. 

Cinc'niantL Aiuf. UHlu lS8i). 



The S])anisli term adobe has been adopted by I. C. Russell 
as a scientific designation for the peculiar superficial calcar- 
eous clay, or loess, that is generally distributed in the valleys 
of the "arid regions.'' It is extensively used by the Indians 
and the Mexicans in making sun-dried brick. — Geoh Mag, 
July, 1889, J). .201. 
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ON SOME PALJBOZOIC 08TRAC0DA PROM 
PENNSYLVANIA, U. S. 

By PftOPBSSOB T. BUPXBT JONIS, 

F. R. 8., F. 0. 8., Corresp. Memb. Acad. Nat Sol., Philadelphia, Ac,, Ac, 

^ [With Plate*]. 

A collection of Palseozoic Ostracoda, collected oy Prof. E. 
W. Claypole, F.6.S., of Buchtel College, Akron, Ohio, during 
his work on the Greological Survey of Pennsylvania, having 
been sent to me by him for examination, the present notes 
and plate are supplied for their identification. 

CONTSNTS. 

I. Devonian. 

1. Primitia mundula, \ nnweT DevoniAn 

2. KloBdeniatimplex. J upper Devonian. 

8. Bythocyprlt favnloaa, ) 

4. Bollia ungula, > Lower Devonian. 

6. Primitia pennsylvanica. > 

II. Silnrian. 

1. Bythocvprii ovifonnis, > 

2.* Leperdida tiibquadrata. > Lower Helderberg. 

3. Kloedenia pennsylvanica. ) 

I. Devonian Species. Figs. 1, 2, 10-15. 

I. PRIMITIA MUNDULA JoneS. 

Some of the soft, brownish, mottled, argillaceous limestone 
of the Upper-Devonian Chemung-Catskill shales at King's 
Mill, Perry county, Pennsylvania, abounds with Primitia 
mundula, varying in size, and more or less in outline, and in 
the proportions of the sulcus. Some are only .75mm., or less, 
in length ; the largest are 1.25mm. long and beautifully retic- 
ulate. These closely resemble some from the Lower-Devonian 
strata of New Brunswick,* but are rather longer in proportion 
to the hight. In a letter Prof. E. W. Claypole refers to this 
rock as a rough, rudely stratified shale, with the Entomostraca 
(PrimiticB) in little nests between irregular layers of the shale. 

"With these PrimitioB here and there occur some small 
white bivalve shells, mostly subtriangular, and all bearing 
concentric ridges, rather wide apart. They are mostly smooth, 
but some show traces of delicate reticulation. Hence there 
is some resemblance to Eatheria^ but there appear to be more 
than one kind, and several have a strong vertical depression 
or sulcus just below the umbo. Their alliances are obscure. 

* This plate was drawn with the aid of a grant from the Royal Society 
of London. 

> Bach as figs. 1 and 2, a. b. pi. 16, '*Ann. Mag. Nat. Hist.'' Ser. 6, 
vol. HI, 1889, p. 375, &c. 
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a. KLCBDBNIA SIMPLEX. Sp. nOV. Fig. 14. 

This small subquadrate valve, represented by a cast only, 
has at first sight the look of a Primitia^ but the characteris- 
tic sulcus is wanting, and an isolated tubercle or minute lobe 
occupies its place. Possibly this may be a young individual 
of either a jfiT/^grfent^ or a Beyrichia. The Beyrichian lobes 
and sulci are not developed ; and it may be possible that the 
little lobe is thtit of a Klcedenia^ very near the dorsal margin, 
but more than usually isolated. The nearest published form 
is one of the Acadian specimens of Beyrichia klo^lenij var. 
acadica Jones. *^\nn. Mag. Nat. Hist." ser. 6, vol. in ( 1889) 
p. 380, pi. 17, fig. 4 ; but the individual under notice has, I 
think, a closer alliance with Klo&denia than with Beyrichia^ 
the little subcentral lobe b<nng nearer to the dorsal margin, 
and the other lobes less developed, than in the Acadian speci- 
men. KL simplex is in the dark mottled limestone from the 
Limestone-sKales of the Chemung-Catskill beds (Upper Devo- 
nian of the U. S.), at King*s Mill, Perry county, Pennsylvania. 

3. BYTHOCYPRis FAVULOSA. Flgs. 1 and 2, a. b. c. 

These small specimens are only casts, and are doubtfully 
referred to Bythocupvh, as the genus most convenient to 
receive them according to their subovate-oblong shape.' The 
hollow cast, fig. 2a, and another similar but imperfect cast 
show a coarsely reticulate or honeycomb-like structure (figs. 
2b, 2c), which holds the place of the external surface of the 
valve. This is not an unusual ornament of some ostracodous 
valves; but it is here very coarse in proportion to the area of 
the valve, and it is unusual in such simple cj'pridiform 
species as the Bythocyprls^ &c. One specimen is about 
1 mm., and the other a little more in length. From bufi'-col- 
ored non-calcareous shale of the Marcellus limestone,' Perry 
county. Pa., near New Bloomfield. 

4. BOLLiA UNOULA (Clavpolc MS.) Figs. 10-13. 
For notes on the genus Bollia, see **Ann. Mag. Nat. Hist." 
ser. 5, vol. xvii (1886), pp. 360 and 406. Prof. Claypole's speci- 
mens are well preserved casts in buff*-colored, non-calcareout 

' For 8ome other Palaeozoic Ostracodes referable to this genus, see 
the '* Annals and Mag. Nat. Hist.*' ser. 5, vol. xviii (1886), pp. 260, &c. ; 
and vol. xix (1887), pp. 184, &c. 

•In the Hamilton group of the Upper Helderberg (Middle Devonian 
of the U. S). 
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shales from the Marcellus limestone of Perry county, Penn- 
sylvania (near NewBloomfield). There are several, and they 
vary from 1 to 2^ mm. in length. The proportions of some of 
the best are given in the figures 10-13, magnified fifteen diam 
eters. In some respects they resemble Bollia lata Hall \* but 
they are larger, and the central curved ridge is much thinner 
at its curve, whereas in the specimens from New York state 
the curve is thicker just there, and is not so synmietrical 
throughout as in the Pennsylvania specimens. Hence I pre- 
fer to regard the latter as specifically distinct, and to adoi)t 
Prof. Claypole's MS. specific name (having reference to the 
hoof-like ridge), than to refer them to Bollia lata, A hollow 
cast of the outside, and one presumably perfect valve give 
evidence of a^smooth exterior. 

The slight variations in the shape and proportions of the 
carved subcentral ridge and of the marginal ridge are well 
dhown in the figures 10-13.- 

5. PRIMITIA PBNNSYLV AMIGA. Sp. nOV. FlgS. 15a, 15b. 

Another small ostracod, 1 mm, occurs in the buff-shale of 
the Marcellus limestone, from Perry county. Pa. Related to 
Primitia mundula Jones, (*^Ann. Mag. Nat. Hist." per. 2. 
vol. XVI (1855), p. 174, pL 6, figs. 28 to 31), it is, however, 
much more oval than any there figured. The dorsal is even 
more arched than the ventral margin, and curves downwards 
anteriorly more rapidly than it does behind. The sulcus, 
well defined, and bordered on each side by a distinct swelling, 
is much nearer to one end than the other of the valve, not 
quite at its highest convexity, but very near the greatest curve 
of the dorsal edge. 

Note on a specimen of oolitic limestone from the Marcellus series Perry 
county, Pa,, which accompanied the foregoing specimens. By Edward 
Wkthkred, E8q.,F.G.S., F.C.S., &c., &c. 

When seen as a hand specimen, this rock promised well for an 
interesting microscopic slide. Oolitic granules were clearly defined ; 
but the anticipations as to well preserved structure were not realized. 
The rock was noft to grind, and a certain amount of cleavage was 
apparent. The sections showed the oolitic granules in an argillaceous 
matrix, with verv minute graiuH of dettital material. The granules 
showed the usual concentric structure, but there was an absence of a 
nucleus, which in the British Jurassic oolites and Carboniferous oolitic 
limestone is a feature. The granules are ferruginous ; I rather suspect, 

* Palaeontology of New York, vol. n, 1H62, p. 301, pi. A 66, figs. 
10a, b, d (not figs, c and e), also some in the British museum. I may 
here mention that I have to refer lata and symmetrica to BoUia, and 
spinosa to jEchmina. 
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however, that they were not originally so, but that the oxide of iron 
has replaced the original carbonate of lime. In short, my impression 
is that the rock was once a calcareous oolite, but in the coarse of time 
has been altered by pressure and chemical changes. In this way the 
oriffinal structure of the granules has been modified, and their 
nuclei have disappeared, when tested with hydrochloric acid, con- 
siderable efi*ervescence takes place, due to the presence of carbonate 
of lime ; but the rock as a limestone is impure. 

II. Silurian Species. Figs. 3-9. 

I. BYTHOCYPRI8 OVIFORMI8. 8p. nOV. FigS. 3a-3c. 

Carapace, very small, about .66 mm. long, almost egg-shaped ^ 
but unequally convex on the upper and lower margins, and 
too much narrowed and compressed anteriorly to be truly 
ovate. The left valve is by far the larger, as in BythocyprU; 
and the dorsal edge of the left valve is much thickened in the 
middle, where it strongly overlaps the other valve. The sur- 
face is minutely punctate. Another, rather smaller, specimen 
(imperfect) occurs with the same superficial ornament. 

From the dark-colored Lewistown shaly limestone of the 
Lower Heldeberg group, Perry county Pa., and probably- 
equivalent to the "Ludlow" beds of England. 

9. LBPBRDITIA SUBQUADRATA. Sp. noV. Figs. 4a-4d. 

This very small carapace, subquadrate in outline, and mod- 
erately convex, shows the ventral overlap distinctive of 
Leperditia. In outline and contour it somewhat resembles 
Z. nana Jones, ("Ann. Mag. N. H." ser. 3, vol. i (1858), p. 
244, pi. 9, fig. 12 ; Z. canadensis^ var. nana, op, cit 1881, p. 
343) ; but its ends are more semicircular. In Dr. James 
HalPs Lep. (hochilina) miiiutissma, "24th Report State 
Cabinet, N. Y." 1872, p. 231, pi. 8, fig. 13, and "Geol. Survey 
Ohio," vol. II, part 2 (1875), p. 102, pi. 4. fig. 4, the ends are 
unequal ; his Z. hudsonica is like it in outline, but is larger 
and much more convex. Another little Leperditia (Z. ovata 
Jones "Ann. Mag. N. H." ser. 3, vol. i, 1858,' p. 252, pi. 10. fig. 
14) is known from Pennsylvania. It is from a lower horizon 
and is more ovate and convex. The shape of the Carbonifer- 
ous Z. scotohurdigalensis (probably a dwarf form of Z. okeni) 
also approaches that of the specimen under notice, but it is 

^Alluding to this paper and plate, 1 may mention that figs. 15, 16, 
17 and 18 are all BeyHchia pvnnsylvanica; but fijfs. 16, 17 and 18 are 
destitute of the marginal fringe/which, present in fig. 15, led to the 
mistake of the figure being referred to B. viaccoyiana. See also "Ann. 
M. N. H." ser. 5, vol. xvii (1886), p. 347, note. 
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larger, more convex, and usually bears either the muscle-spot 
or the eye-tubercle. 

Only two specimens of Z. mbquadrata have been noticed. 
They are from .75 to 1 mm. in length. From the before men- 
tioned dark-gray Lower Helderberg limestone of Perry county, 
Pennsylvania. 

3. KLCBDBNIA PBNNSYLVANICA. Sp. nOV. FigS. 5-9. 

Numerous specimens of a Klcedenia^ near to Kl. notata 
(Hall), occur in the dark-colored Lower Helderberg limestone 
from Perry county. Pa. They vary from about 1 to 2 mm. in 
length. Prof. Claypole referred them to Dr. James Hall's 
Beyrichia notata, but I find from good typical specimens of 
this species that its valves are larger, and more nearly 
approach those of J^lcsdenia wilclcenaiana^ though the lobes 
and sulci are not so strongly pronounced as in the latter. 

In the Pennsylvanian species the middle lobe is narrowed 
by its two, short, strong, parallel, lateral sulci ; herein differ- 
ing from both of the other species alluded to. 

The figures exhibit the chief variations in outline and pro- 
portions of parts. In figs. 7a and 9 we see a faint sulcation 
of the hinder lobe, analogous to the posterior furrow in figs. 
17, 18 and 19, of plate 5, "Ann. Mag. Nat. Hi8t."ser. 2,vol.xvi 
(1855). This feature is strongly emphasized in JTZ. />Zw?a^a 
Jones op. cit. figs 20, 21 ; and op. cit. ser. 5, vol. xvii(1886), pp. 
347 and 362 ; and ser. 6, vol. i (1888), p. 398. A faint indica- 
tion of a delicate reticulation is observable on the surface of 
some specimens. 

EXPLANATION OP PLATE. 

Fig. 1. Bythocypris favulosQf sp. nov. Cast of the inside of a right 
valve; x 15 diam. 

2. B. favulosa, sp. nov. a, hollow cast of the outside of right valve ; 
X 15 diam. ; b, appearance of the inside of the hollow cast, x 4it diam. ; 
€, reversed drawing of 2b, showing it as the original reticulation ; x 40 
diam. 

3. B. oviformiSf sp. nov. Complete carapace, a, showing the right 
valve and edges of the left valve ; 6, showing the left valve ; c, the 
dorsal aspect; d, posterior aspect; all magnitied 40 diam. ; e, outline 
of the carapace, x 15 diam. 

4. Leperditia subquadrata, sp. nov. Complete carapace, a, show- 
ing the left valve; 6, dorsal aspect; c, posterior aspect; all x 40 
<liam. ; d, outline of carapace, x 15 diam. 

5-9. Kloedenia penvsylvanica sp. nov. All magnified 15 diam. 5a, 
complete carapace, with the left valve outwards; 56, right valve; 5c, 
ventral aspect; 5c{, end view; 6, left valve; 7a, carapace showing the 
right valve and the edges of the other ; 76, ventral aspect ; 8, a large 
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left valve; 9, a left valve, showing (like fig. 9) a faint oblique solcoa 
' on the posterior lobe. 

10-13. Bollia ungula (Olaypole MS.) Internal casts. Magn. 15 
diam. 

* 14. Klotdenia $impl€x,Bp. nov. Internal cast of right valve, x 15 
diam. 

15. Primitia pennsylvanicaf sp. nov. a, internal cast of a left valve ; 
' b, edge view ; x 15 diam. 

Fig. 14 is from the mottled Devonian limestone shaje at King*s Mill, 
Perry county, Pa. 

Figs. 1, 2/ 10, 11. 12, 13 and 15 are from the buff shale of the Marcel- 
lus limentone of Perry county, Pa. 

Figs. 3, 4, 5, 6, 7, 8 and 9 are from the dark-gray Lower Helderberg 
limestone of Perry county, Pa. 
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Recent work in the Archaean rocks in the Northwest has 
shown that the Huronian system has been variously under- 
stood by geologists working in the different states and in the 
Dominion of Canada. This difference of understanding con- 
cerning an important series of strata of the earth's crust, 
resulting in differences of nomenclature, prompts me to offer 
to the Society some remarks on the methods pursued by the 
different investigators, and a comparison of them and their 
results with the methods and results arrived at by more recent 
research. 

What is the Huronian? It will be in accordance with the 
equities of scientific nomenclature to accept the definition of 
the Huronian as given by the originators of the name as they 
finally left it. It was first named by Sir Wm, Logan and Dr. 
T. Sterry Hunt jointly, in a small pamphlet published in 
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French at Paris in 1855/ This was thirteen years after the 
geological survey of Canada was begun, and one year later 
than the use of the term by Mr. Murray, although Mr. Mur- 
ray's reports in which the term was first used were not offered 
for publication by Mr. Logan till two years after the publica- 
tion of the French document.^ It is evident, however, by 
an examination of this French document and of some of Dr. 
Hunt's later references to the Huronian system' that the 
authors of the term intended only to apply an American des- 
ignation to what had been styled Lower Cambrian in Europe^ 
— i. e., to designate a formation intervening between the Silu- 
rian (as claimed by Murchison) and the fundamental gneiss, 
or Laurentian. Such rocks had been examined on the north 
shore of lake Superior by Mr. Logan in 1846 and on lake 
Huron in 1848, and by Mr. Murray in 1849 on the north shore 
of lake Huron. So far as possible to understand the descrip- 
tions of Logan and Hunt, and of Logan and Murray, whether 
we examine their sections in the geological reports of Canada, 
or their general statements in the French document, or even 
the later descriptions and discussions of Dr. Hunt, the origi- 
nal idea of the Huronian covered that stratigraphic interval 
long known as "Lower Cambrian," which Dr. Emmons named 
Taconic, and which at a later date furnished primordial fos- 
sils in England to reward the acumen of Joachim Barrande. 
In all this series of strata there is nothing that can be cor- 
rectly called crystalline. This is verified by Murray's sec- 
tion of the Huronian printed in his report for 1856/ as well as 
by the general section of the Huronian system published in 
1863 by the Geological Survey of Canada.* This idea of the 
Huronian on the part of its authors seems to have been 
adopted by the English geologists from the outset, and has 
continued to be held by them to this day, and they conse- 
quently do not recognize the term in their nomenclature, 

'Esquisse g^<>l«>giqne du Cana<la, 1855. Paris. Par W. E. Logan 
etT. Sterry Hunt. pp. 29-37. 

' The first use of tlie t<Tm Huronian series, so far as I have been 
able to learn from the Canadi:in reports, was by Mr. Murray in his 
report for 18'>4. p. 125. Mr. Logan employs the term '* Huron Cupri- 
ferous formation*' in 1857. Brit. Asso. Rep. of Trans, of the sections, 
p. m. 

'Am. Jour. Sci. vol. xlix. p. 184. (1870). 

* Geological survey of Canada. Report of progress for the years 
1853-54-55-56. Toronto. (1H57.) p. 172. 

* Geology of Canada, 1863. 
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allowing the term Lower Cambrian to supply the interval 
covered by it. Another point should be mentioned in con- 
nection with this original idea of the term Huronian, viz : It 
is distinctly avowed ' that the Huronian embraces the vol- 
canic formations of the shores of lake Superior. These are 
made the parallel to the trap and associated quartzytes of the 
north shore of lake Huron. The geological map that accom- 
panies the French document has the Keweenawan throughout 
the shores of lake Superior, at Thunder bay, and on Isle Royal 
colored to represent the Huronian, the same as the north 
shore of lake Huron. This embraces the traps and conglom- 
erates and the amygdaloids as well as the Animike rocks of 
Thunder bay with their associated greenstones. The Huro- 
nian is said, unqualifiedly, to rest unconformably on the 
Laurentian. This view of the Huronian seems to have con- 
tinued in favor till 1862. 

In the Quarterly Journal of the Geological Society of Lon- 
don (Nov. 19, 1862), appeared a contribution by J. J. Bigshy 
''On the Cambrian and Huronian formations," which has 
played a very important figure in its effect on the literature 
and geology of the Huronian formation. At various timet 
Dr. Bigsby had contributed important articles on the 
older rocks of lake Superior and of the region further north- 
west, and his opinion and authority, with English and Cana- 
dian geologists, stood in such high esteem that there was no 
one who would venture to question his conclusions. Still 
they were at variance with those of Logan, Sir Roderick Mur- 
chison, Dana,' and nearly all the geologists who had expressed 
an opinion on the subject. Dr. Dana going so far as to state 
that the true Cambrian formation did not exist in North 
America ; the same interval being covered, as remarked by Dr. 
Bigsby, by the Huronian, "as a substitute in place if not in 
time." Still, after taking a wide survey of the Huronian and 
the Cambrian, in the light of the conceptions which he held 
of them. Dr. Bigsby reached the conclusion that they are not 
the same, but that the Huronian differs markedly from the 
Cambrian. He placed it on the same plane as the "Second 

'Canadian Naturalist, vol. i. 1856. p. 16; Esquisse gdologique, 
p. 29. 

^ Am. Joar. Sci., N. S., vol. xiv. p. 227; Siluria, 2nd Ed. p. 19; 
A. A.A.S. vol. IX. 1855. Providence meeting, p. 32. 
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Asdic Group of Norway," and greatly anterior to the Cam- 
brian. 

The idea Dr. Bigsby entertained of the Huronian, while 
professedly based on the original descriptions of Logan and 
Murray, is widely variant from them. He referred to, and 
nsed such parts of their descriptions as suited his purpose, 
but derived (more largely probably from his own observations 
about the Lake of the Woods) a "Huronian" that agreed more 
nearly with that system of rocks which has more recently been 
designated Keewatin, a series of greenish schists, greenstones 
and gray-wackes, with some argillytes and agglomerates. 
With that facility which has at various times marked the 
versatile perceptions of Dr. T. Sterry Hunt, this idea was at 
once accepted by him, and urged as the correct expression of 
the Huronian system,® and it is probably due largely to his 
writings that the **greenstone" idea of the Huronian was widely 
received and accepted favorably by geologists in North Amer- 
ica. 

Still a different idea is at present entertained by the 
otBcers of the Canadian Geological Survey. Perceiv- 
ing the necessity of admitting into the Huronian the 
non-crystalline strata described on the north shore of 
lake Huron, and repeated in 1863 by Sir Wm. Logan 
in the "Geology of Canada," they are forced to extend 
the Huronian system from the bottom of the Silurian 
wherever that may be, or at least from the bottom of the 
Cambrian, wherever that may be, and if it exist at all in North 
America, downward to the "Laurentian," wherever that may 
be. This makes it include not only the original Huronian, 
and the "greenstone" idea of Bigsby and Hunt, (the Urschiefer 
of Norway) but also the true "crystalline schists" of a still 
lower horizon, and so amplifies the term that it well nigh falls 
to the ground from the burden of its own weight.® It should 
be admitted that the extension of the term downward so as to 
include strata not embraced in the descriptions and sec- 
tions published by Logan and Murray (1848-1863) may be to 
some degree justified by the mapping of the Huronian which 

^'Geognosy of the Appalachians. A.A.A.8. vol. xx. 1871; Chem. 
and Geol. Essays, p. 269. 

•Trans. Roy. See. Canada, vol. vi. Sec. iv. p. 3. 1888. Presiden- 
tial address of Dr. Robert Bell. 
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is seen in the early Esquiaae giologique du Canada and in 
the geological map accompanying the Geology of Canada of 
1863. Those maps do, in a general way, include strata not 
described in the text, nor embraced in the sections, even 
ignoring some Laurentian areas. The original Taconic was 
roughly laid off in the maps of Emmons, in the same way. 
The descriptive text, however, and the main idea which the 
author intended to express, should be the guide in determin* 
ing how to interpret him, instead of the map, for the map is 
designed only to illustrate the idea — not the idea the map. 
Jfthe author's idea be found at variance with his map, by 
later research, every fair geologist will correct the map instead 
of the idea. This should be done for the correct Huronian, 
no less than for the correct Taconic. 

We have, then, three conceptions of the Huronian which at 
different times have been dominant with the Canadian geolo* 
gists. 

1. The original Huronian of Logan and Murray, consisting 
of fragmental strata, and including the Keweenawan, 1855-63. 

2. The "greenstone'' Huronian of Bigsby and Hunt, 1863. 

3. The expanded Huronian of the present oflBcers of the 
Canadian survey, embracing some of the primordial quartzytes'* 
and extending downward to the "Laurentian." 

Principles of Stratigraphy employed. It will be an inter- 
esting inquiry to seek for the principles that were relied on by 
the various geologists in arriving at the foregoing results. Sir 
William Logan, beginning the Canadian survey in 1842, with 
Alexander Murray as assistant geologist, was a pioneer not 
only in the geology of Canada, but of the world. Much of the 
nomenclature of the science now in vogue has been based on 
work done either in Canada or elsewhere since that date. Very 
little positive knowledge of the composition of the earth's 
crust, or of the alternation and succession of its various parts, 
then existed. Every rock-terrane below the Potsdam sand- 
stone was at first regarded as "primitive." Subsequently the 
"metamorphic" strata were recognized existing below the Pots- 
dam sandstone and above the gneiss, though these also were 
generally regarded as "primitive," a word to which some 

'^'Thc Huronian quartzytes of the Thessalon valley are fosftiliferous 
in Minn<*8(>ta with Paradoxides and Lingnla. Thirteenth report of the 
Mijinesuta survey, p. G5; American Geologist, March, 1888. p. 177. 
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vague idea of geological antiquity was attached. About this 
time the word Taconic was applied by Dr. Emmons to a part 
of these intermediate **primitive" strata, which were at first 
regarded as wholly non-fossiliferous and comparable to the 
Lower Cambrian of Prof. Sedgwick both in their non-fossilif- 
erous character and in their stratigraphic position. The 
unfortunate controversy which grew up between Dr. Emmons 
and his colleagues on the New York survey easily transgressed 
the Canadian borders and involved the officers of the Cana- 
dian survey. From this controversy Logan and his assistant 
Murray for some years held aloof. He saw in Canada only 
the *'Laurentian" under which term he included all the gran- 
ites, schists, (crystalline and semi-crystalline), also the 
gneisses and gabbro rocks he met with — in short everything 
that he found lying below the Potsdam sandstone.^' The first 
distinct use of the term *'Metamorphic group" by Mr. Logan, 
80 far as I have observed, was in its application to some 
gneisses that have since been included in the Laurentian. 
Indeed Mr. Logan distinctly states*' that the term Laurentian 
was designedly substituted for the term Metamorphic series, 
"since the latter is applicable to any series of rocks in an 
altered condition, and might occasion confusion." If we may 
form an opinion from the scanty statements that have been 
published as to the principles and motives that actuated the 
authors of the **Huronian system," we are compelled to state 
that it was their design to give an American name to those 
strata which had in England been placed by Sedgwick in his 
Lower Cambrian. Mr. Logan had seen a great series on the 
north shore of lake Superior in 1846 which, while overlying 
the ''primitive," yet at a later date were seen, on the north 
shore of lake Huron, to lie unconforraably below the "fossilif- 
erous rocks," i.e. the Trenton and Hudson River limestones and 
shales. Ignoring the early attempt of Emmons to supply an 
American designation for this same interval (viz. Taconic) and 
referring to areas in the Northwest which were then and were 
for many years practically inaccessible to the geologists of 
the world, and having the favorable cooperation of all the 
opponents of Dr. Emmons' Taconic^ the name that was pub- 
lished in Paris and was subsequently employed in the reports 

. " Canadian reports for 1852-53; 1849. p. 8. 
" Report for 1852-3. p. 8. 



348 Methods of Stratigraphy. — Winch^ll. 

of the Canadian survey, became current in nearly all Ameri- 
can geological literature. If we examine carefully the reports 
of the Canadian survey we fail to discover any description of 
the Huronian, as such, till after 1855. We find no section of 
the rocks on the north shore of lake Huron nor on the shores 
of lake Superior by means of which a correct idea can be 
obtained of the Huronian series until 1857," yet the term 
seems to have been in current use to some extent since 1854, 
since it appears incidentally in the reports for that year, and 
for 1855. The characters of the rocks of the Huronian, as 
finally and fully published, are given in the geology of Cana- 
da, 1863, pp. 59-66, and their typical area is mapped in the 
atlas accompanying that volume. It is to this authority, 
therefore, that it is necessary to refer, and by this final presen- 
tation must the Huronian stand or fall. It is only necessary 
to say at this place what has been said by Prof. Irving and 
by others who have recently examined these strata, that they 
consist of non-crystalline rock-species — mainly conglomer- 
ates, quartzytes and slates, with some limestone, cut by and 
interbedded with eruptive rocks, mainly dolerytes and 
diorytes. It will be noticed, however, that in this last presen- 
tation of the Huronian an important change was made in its 
upward extension. The volcanic rocks of lake Superior are 
set off by themselves under the designation "Upper Copper- 
bearing rocks of lake Superior," and are divided into two 
groups, the lower "consisting of bluish slates or shales, inter- 
stratified with sandstones and beds of columnar trap, and the 
upper, of a succession of sandstones, limestones, indurated 
marls and conglomerates, also interstratified with trap which 
is often amygdaloidal." Of these the lower group is what was 
afterward named Animike, and the upper group is, as I have 
shown in my 17th report on the Minnesota geological survey, 
pp. 52-55, the equivalent of the upper quartzytes of the original 
Huronian and lies unconformably on the lower group. 

If we revert next to the reasons that induced Dr. Bigsby to 
remove the Huronian from parallelism with the Lower Cambrian 
we shall find a curious medley of assumption, inference from 
insufficient data, and of generalization from ill-supported 
inference. It had been argued by Mr. Thomas Macfarlane in 

"Canadian report of progress for the years 1863-54-65-66. p. 172. 
Report for 1856. 
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1862,'* that the Huronian of Canada is the equivalent of the 
qnartzose member of the Urschiefer of Norway, but he evi- 
dently derived his idea of the Huronian from his knowledge of 
the crystalline schists of lake Superior, and not from a study 
of the true Huronian. But Dr. Bigsby goes much further than 
that, in that he attempts to show, or at least to strongly sug- 
gest, that the Huronian system is not what its authors sup- 
posed it was, but is the equivalent of a system of rocks much 
older ; and in this he was followed, as already stated, by Dr. 
T. Sterry Hunt, who derived from his knowledge of the col- 
lections he had seen, and from hand samples%ent him from 
the regions of lakes Superior and Huron, the well known 
''greenstone" conception of the Huronian which has been pre- 
sented in Dr. Hunt's papers. 

Without stopping to protest against the position in the 
English geological series in which Dr. Bigsby places the 
Cambrian, it is sufficient here to call attention only to the 
errors that he falls into respecting the Huronian, remarking 
only in passing that he places the entire primordial zone of 
Barrande, whether in America, Scandinavia or Bohemia, as 
the ''immediate successor of the inhospitable Cambrian." *^ 

In the first place Dr. Bigsby regards the Huronian as con- 
formable on the Laurentian, which is at variance with the 
statement of Messrs. Logan and Hunt in the original 
announcement of the name,'" as well as the later descriptions 
by Mr. Logan, notably that in a paper read before the Amer- 
ican Association for the Advancetnent of Science in 1857.'^ 
This is an element in his discussion which affects materially 
the correctness of his conclusions. 

In the next place Dr. Bigsby identifies the **Huronian" of 
the region of Marquette, Mich., with that of the north shore of 
lake Huron from the description of the former by Foster and 
Whitney, which he quotes as follows : "As an alternation of 
beds of great thickness, of gneiss, of chloritic, talcose, argilla- 
ceous and siliceous slate, of quartz, of saccharoidal and crys- 
talline limestones and serpentines, all much contorted, highly 
inclined — nowhere having a sedimentary aspect and most 

"Canadian Naturalist, vol. vii. pp. 1-20 and 113-127. 
"Quart. Jour. Geol. Soc. vol. xix. Part i. p. 43. Nov. 10, 1862. 
^* Esquisse geologique du Canada, p. 29. 
"Report of the A.A.A.S. 1857. p. 45. (Part 2.) 
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metamorphic near the lines of igneous outburst."'* It is not 
difficult to mention in this enumeration of the characters of 
the Azoic of the south side of lake Superior, several important^ 
departures from the lithology of the Huronian of the typical 
region as described by Messrs. Logan and Murray, and as 
finally published by Logan in 1863. 

(a). In the typical Huronian no gneiss is mentioned. 

(b). In the typical Huronian no serpentine is mentioned. 

(c). In the typical Huronian the inclination of the beds is 
generally less than 50°, sometimes not over 10° or even 3°. 

(d). In th^ypical Huronian there is not an absence of the 
sedimentary aspect, but its presence is one of its strong phys- 
ical features. 

(e). In the typical Huronian the beds are not "much con- 
torted." They are faulted but the line of strike is persistent 
for long distances. 

The other characters enumerated pertain to the Huronian 
equally with the lower terranes, and can not be considered 
diagnostic of either, while the points of disagreement are so 
numerous, and so characteristic of the older formation that 
they warrant us in regarding the rocks exhibiting them as 
non-Huronian. Indeed it becomes evident that Dr. Bigsby's 
Huronian was not Huronian at all. His comparisons, whether 
from America or from Norway, are very fair, but abundantly 
sufficient to show that he had in mind a series of strata that 
have been found to lie in all places where their superposition 
has been seen, in a relation of non-conformity with the typical 
Huronian. 

The principles of stratigraphy which have induced the pres- 
ent officers of the Canadian survey to embrace so wide a range 
of time, and so varied a lithology in the Huronian are diffi- 
cult to understand and express. The only justification for it, 
partial though it be, that I have been able to learn, consists 
in the partially incorrect mapping of the Huronian by Logan, 
Murray and Hunt.^ But as has been already remarked, those 
maps should be corrected to agree with the descriptive text. 

*^ Report on the geology of the lake Superior land district. Part ii. 
p. 14. 

'^ It should be stated, however, that nearly all the geologists of Mich- 
igan and Wisconsin have included the same wide range in the Huron- 
ian, in their official reports. Compare the reports of Brooks and 
Pumpelly, on the Geology of Michigan, and of Chamberlin, Irving, 
Sweet and Wright on the Geology of Wisconsin. 
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The true idea of the Huronian is found in the sections given 
in the Geology of Canada.^ 1863^ and this idea is represented 
by the typical Huronian area as mapped between the Thessa* > 
Ion and Missasaugui rivers, and thence northwestwardly to 
Port Finley and the southeastern shores of lake Superior. 

In a recent address before the Royal Society of Canada," Dr. 
Robert Bell has presented the views of the present officers of 
the Canadian survey, in support of the expanded Huronian. 
An examination of this interesting paper results in bringing 
out the following points, at variance with what has recently 
been presented by Prof. R. D. Irving and other United States 
geologists. 

1. The original idea of the Huronian^ as understood by 
the Canadian survey y extended from the '* Camhrian^^ to the 
Laurentian^ covering all the crystalline schists. Dr. Bell re- 
fers for authority for this to the Geology of Canada^ 1863, 
This is a question of fact, and anyone who takes the trouble 
to examine the descriptions of the Huronian, in the Geology 
of Canada. 1863, can satisfy himself quickly. These descrip- 
tions are found on pages 50 to 66, and 841 to 844. We have 
failed to find the term '^crystalline schists," or any term that 
can be taken as an equivalent for it, anywhere in those pages 
— or in any other part of the volume where the Huronian is 
mentioned. 

2. The Huronian is conformahle on the Laurentian, and 
no instance of itnconformity has yet been found in Canada. 
It is not necessary to repeat what has already been said on 
this point in speaking of Dr. Bigsby's treatment of the Huron- 
ian. Not only did Logan mention, in numerous instances, 
the non-conformity of the Huronian on the Laurentian, but 
recently such have been fully described by Prof. Irving at a 
point about three miles east of the Thessalon river, on the 
north shore of lake Huron ;*^ and Prof. Irving's observations 
have been confirmed by a more recent visit to the same place 
by members of the excursion party from the late Toronto 
meeting of the American Association for the Advancement of 

" Trans. Royal Society of Canada, vol. vr, sec. 4, p. 3. 

" Seventh annual report of the U. 8. Geol. Survey, p. 429. Logan's 
descriptions of unconformity are to be found in Qeologyof Canada^ 186S 
p. 60 ; Proc, Am. Asic. Adv, Sci, 1857, Part 2. p. 45, Gsquisse g^olof^- 
que du Canada, 1855, p. 29; Quart, Jour, GeoL Soc, London, vol. 21, 
1S65, p. 46. 
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Science. There is no doubt that that "Huronian" which Dr 
Bell all the time alludes to is conformable on the crystalline 
schists and the crystalline schists on the Laurentian, a fact 
which has been published repeatedly by officers of the Cana- 
dian survey and in the reports of the Minnesota survey. 

3. It is not just to the founder of the Huronian system to 
restrict the term to the type Huronian. Here we must differ 
squarely from Dr. Bell. It would be unjust not only to all 
subsequent investigators, but more so to the authors of the 
term, not to do so. If we are not to accept an author^s defini- 
tion of his own discovery, who shall set metes and bounds to 
it? Again, Dr. Bell in several instances, insists on adhering to 
Logan's descriptions, "which" as he says, "are as clear as lan- 
guage can make them." 

4. The comparatively undisturbed condition seen in the 
Huronian on lake Huron is not the rule in the ^^Huronian^^ 
elsewhere. But by the term "Huronian" here Dr. Bell indi- 
cates the strata which are in dispute, and which we admit are 
much more crumpled — a circumstance which, with other dif- 
ferences, has led to their separation from the true Huronian. 
And when Dr. Bell states that "the same rocks" are highly 
crumpled and tilted in other districts, we respectfully ask for 
proof that they are the same that Logan included in his orig- 
inal descriptions. 

5. ^^ As a matter of fact crystalline schists^ such as those 
thai prevail among the Huronian rocks of lake Superior are 
largely associated with the quartzytes and slate-conglomer- 
ates of the lake Huron region^ We would respectfully ask that 
they be pointed out. Not only has Logan given a typical sec- 
tion, without including them, but Prof. Irving failed to find 
them, and later still, my brother and myself made a pretty 
thorough examination without seeing them. We venture to 
suggest that (as I know from observations made the past sum. 
mer) the crystalline schists exist only outside of the region 
described and mapped in the Oeology of Canada^ 1863, begin- 
ing, on the east, not far from Serpent river, and extending 
thence eastward to the recognized Laurentian. This is doubt 
less what Dr. Bell would consider "associated largely with 
the quartzytes and slate* conglomerates," but it is the same 
kind of association that might be applied to the Laurentian 
gneiss which occupies the lake shore for some miles between 
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^e Thessalon and Missasaugui rivers. The fact is, "there 
must be a begiDning and an ending, a top and a bottom/' as 
Dr. Bell insists, and the bottom is placed by Logan so far west 
that this schist is not included. The fact that he has includ- 
ed it in his map of 1863 (which was really constructed in 1865) 
has no force except such as would also include some Lauren- 
tian in the Huronian, since his map of 1855 actually does cov- 
er the belt of Laurentian mentioned. 

77ie usage and understanding of the Canadian survey 
at the present time should he accepted as s^tMcient atbthority 
as to what the Huronian really is. The geologists of the rest 
of the world will hardly hold their mouths shut when they 
find the Canadian survey of 1855-63, contradicted by the Can- 
adian survey of 1888, and when the question involved is so 
closely connected with their own work. The principles of sci- 
ence are not to be determined by authority. 

7. The gradual stratigraphic passage from one formation 
to another y even in the entire absence of fossils ^ is a better 
place to separate between them than at the point where a phys- 
ical break occtirs^ because of the greater ^^convenience of de- 
scription and classification of our facts." (p. 7.) The simple 
statement of this argument is sufficient to refute it. 

8. It is not necessary that all Huronian rocks slwuld be 
the equivalents of the ''type series," described by Logan and 
Murray^ as claimed by Prof Irving. Here we differ as wide- 
ly as the poles, for we think that quality of equivalence is the 
cardinal criterion to judge by. 

9. The restriction of the Huronian as proposed is con- 
trary to the view of its founder. On the contrary it is evident 
to any one who examines the original authorities, that its lim- 
itation downward, at the lower Slate Conglomerate (or with 
the lower gray quartzyte) was in accordance with the views of 
its founders. Finally : 

10. The prepo7iderance of rocks of volcanic origin in the 
^^ Huronian^' is a character that is found to mark it every- 
whercy ifidicating that a^i era of volcanic oiitbursts sets 
it off from the Latirentiayi. This fact is true of the Huron- 
ian as expanded, but it is not of the Huronian of Logan and 
Murray, which consists of conglomerates, quartzytes and lime- 
stones, in the proportion of 18,000 feet to 5,000 feet of diabase 
and dioryte, the latter not being worked over by sedimenta- 
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tion, as in the **igneou8 rocks" of the expanded Huronian, 
but massive, crystalline, and in the form of unmodified over- 
flows. 

The 71610 departure necessary. Why? It will have been 
observed, already, that the complications that arose from the 
promulgation and acceptance of the idea of the Huronian as 
entertained by the majority of geologists up to a very recent 
date, rendered it necessary to revise de novo the classification 
in vogue. It is to the late lamented Prof. Irving, that we owe 
the initiative in this direction, so far as it pertained to a re-ex- 
amination of the type region, although the studies of the 
wTiter, led him in 1884'^ to call attention to the confusion 
that existed. In this re-examination of the work of Logan in 
the stratigraphy of the oldest rocks, we are impressed with the 
essential correctness of his original conception of the Huron- 
ian formation, and w^e think it is no more than justice to an 
early pioneer in American geology to call attention to it, and 
to vindicate his work from the errors that appear to have been 
fastened on it by the Canadian geologists and by those in the 
United States that have followed them. 

The methods of the 7iew departure. The methods of work 
that geologists in the United States are now employing on 
the older rocks are markedlv difierent from those resorted to 
by Logan, and his assistant, Alexander Murray ; and in so far 
as the methods are improved are the results more reliable. 
The early geological work in America consisted largely of to- 
]>ographic description, and sketch-mapping. The nature and 
distribution of the rock-terraces could not be minutely worked 
out. Not onlv was the time allowed for such work not suffi- 
cient (nor the money), but the microscopic examination of 
the intimate structure of the different rocks was almost un- 
known as a geological adjunct. With the lapse of time, and 
the increased appreciation of geological surveys, the public 
authorities have granted more time, means, apparatus and 
general co-operation. Much of the early work has to be re- 
viewed. New surveys are made where the first had been pro- 
nounced "finished." While it is necessary to go again over 
much of the early work, it is necessary to treat it with strict 
justice, and in doing so we have to be guided by the publish- 



•=" Address before Section E., A. A. A. S. Philadelphia, 1884, 
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ed reports and other papers of the early geologists in forming 
an opinion as to what they believed, rather than by interpre- 
tations and traditions that have grown up from them. It is 
intended here only to call attention to the improved methods 
of work. These consist of the following, as distinguished from 
the old methods : 

1. Painstaking field-work, extended and repeated over a 
small area, map in hand, accompanied by descriptions and 
sketches made on the spot. 

2. Sampling of all changes in rock-species from place to 
place with notation in the Held, referring each sample to its 
place in the accompanying field descriptions. 

3. Chemical and microscopic examination of the samples 
in the laboratory. 

4. Combination of field-studies with laboratory work, and 
the publication of the results. 

These methods have been pursued in some parts of the 
Northwest, at different times recently, by diflTerent geologists in 
some of the areas that have been included in the expanded 
conception of the Huronian, with surprisingly concurrent re- 
sults. Without mentioning the work of the Minnesota survey 
which is not yet carried to completion, I shall refer onlj' to the 
examination of the rocks in the vicinity of Sudbury, by T. G- 
Bonney in 1886,'^ the thorough microscopic work of Prof. R* 
D. Irving, accomplished for the United States geological sur- 
vey,** and his discussion of the elements of Huronian strati- 
graphy published recently in the Seventh annual report of the 
same survey, and to the work and results of Dr.A.C. Lawsonof 
the Canadian geological survey, in the regions of the Lake of 
the Woods and Rainy lake, on the international boundary line 
west of lake Superior.'^ 

Similarly accurate field-work has also been done in Michi- 
gan by Dr. C. Rominger,'^ resulting in a similar correction of 
the early survey of major T. B. Brookfi. 

**Quart. Journ. Geol. Soc. London, May 1886, p. 83. 

•*Third Annual Report, U. S. Geol. Sur. 1881-82, f)p.93-180 Mono- 
graph No. V. The copper-bearing rocks of lake Superior, 1883 ; Bulle- 
tins No. 8 and 23. 

"•Report on the geology of the Lake of the Woods, with special ref- 
erence to the Keewatin (Huronian?) belt, of the Archsean rocks. A. 
G. Lawson ; 1885 ; Reports of progress of the Canadian survey for 1885. 
Also Geology of the Rainy Lake region ; Reports of the Canadian sur- 
vey for 1887. 

"Greological survey of Michigan, Upper Peninsula, 1878-80, Vol. iv. 
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Some of the results of the new method of work may be here 
re-capitulated somewhat more systematically, viz. : 

1. The Huronian, as defined by Logan and Murray has been 
re-examined, and the essential correctness of their stratigraphy 
and of their geological map has been affirmed. 

2. Below the strata enumerated by them is a great series of 
strata divisible into at least two parts, placed unconformably 
below the Huronian. These have been examined and named 
Keewatin and Vermilion groups, but by the Canadian survey 
they are claimed still as belonging in the Huronian. 

3. The strata of the Huronian proper are non-crystalline and 
plainly fragmental, while those underlying strata are distinct- 
ly different, the Keewatin consisting very largely of volcanic 
ejecta, simply arranged and consolidated by the agency of 
oceanic water and later metamorphic forces, and the Vermil- 
ion of the same re-crystallized by hydrothermal fusion. 

4. That the distinctness of the true Huronian is every- 
where observable both on account of its different lithology and 
its basal fragmental conglomerates that lie unconformably on 
the Keewatin, on the Vermilion, and even on the Laurentian. 

5. I would add a further general truth, to which the work 
of the Minnesota survey has arrived, viz : the true Huronian is 
divisible into two non-conformable parts, the lower being the 
slate and slate conglomerates and the upper the quartzyte and 
quartzyte conglomerates. 

6. And still another, the upper part of the true Huronian 
was characterized by frequent and enormous outflows of basic 
eruptive rock, and by some of acid rock, the equivalent, &s 
at first supposed by Logan and Hunt, of the recently named 
Keweenawan. 

The re-construction of the Huronian and the treatment of 
thecoi^'elatedterranes. The results above enumerated are suf- 
ficiently important to call for a sweeping reconstruction of the 
prevalent idea of the Huronian system. That it is a system is 
shown by its wide range of strata (at least 18,000 feet), its un- 
conformable relations to the underlying and overlying series, 
and its relations of apparent identity to other terranes (Ta- 
conic, Lower Cambrian) which are recognized as systems by 
the common consent of geologists. That the Huronian has 
been made to include much more than it did originally is not 
the fault of the authors of the name. It is but justice to them 
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that their statements be taken for exactly what they are. If 
correction is to be made, it is apparent that the sooner it is 
done the better it will be for the science both at home and 
abroad. 

How this correction will affect two other terms, the Taconic 
and the Lower Cambrian^ it is not my intention to inquire 
fully at this time. I would only call attention to the nearly, 
if not quite, parallel and almost identical lines of thought that 
prompted these other, and earlier, geological terms, and the 
great approximation they show to identity of strati graphic po- 
sition. 



JURA, NEOCOMIAN AND CHALK OF ARKANSAS. 

Jules Marcou. 

The second volume of the Annual Report of the Geological 
Survey of Arkansas, for 1888 ^ issued August last is one of the 
most important contributions yet made to the geology of the 
country southwest of the Mississippi river. The title is : "The 
Neozoic geology of southwestern Arkansas," by Robert T. 
Hill, assistant geologist. On the back of the volume the title is 
only "Mesozoic." I shall confine my remarks to the Mesozoic 
series, which is the most valuable part of the work, passing 
over the first six chapters, on the geography, topography, 
Post-Tertiary and Tertiary formations. It is not because the 
first part of the volume is not worthy of consideration ; on the 
contrary, like the rest, it is a remarkable and well digested 
work, worthy of being reviewed by a specialist, who can better 
render justice and appreciate the stratigraphy of the Cainozoic 
than myself. 

The lower Cretaceous, or Comanche series, is composed of 
three groups. The lowest is the "Trinity division." Although 
professor Hill has spoken, in several of his papers on the 
geology of Texas, of that group under the names of "Dinosaur 
sand," 1887 ; "Basal sand," 1887 ; "Trinity beds," April, 1889 ; 
and "Trinity basal littoral beds," May, 1889 ; he had not given 
a true description before publishing his report of southwestern 
Arkansas. He even hesitated before placing it in the Creta- 
ceous system. In his first paper of April, 1887, he put it out- 
side of the lower Cretaceous — a true and excellent classifica- 
tion ; then he enclosed it in his Comanche series, saying, 
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however, that ''the lowest marine ffiuna of this division may 
prove Jurassic affinities" {Amer. Jour. Scu, vol. xxxrv, p. 
306, October, 1887) ; but finally he created a division for it of 
the lower Cretaceous, which, according to his last view is 
composed of the Washita, Fredericksburg and Trinity divi- 
sions. 

Chapters xii and xm are devoted entirely to the Trinity 
division, and are certainly the two most important chapters of 
the report. All is new there, stratigraphy and paleontology. 
Professor Hill gives a detailed description of its stratigraphy 
in chapter xii, containing an important section, p. 119, of the 
gypsum bluff, two miles south of Murfreesboro, Pike county. 
The thickness of the division is 400 feet in average. It con- 
tains gypsum in several thin bands of a total thickness of only 
25 feet ; and the fossils are disseminated in blue and white 
marls, sometimes sandy, finishing at the base by an irregular 
deposit of lignite and bones of saurians. 

In Texas the Trinity division is much developed and covers 
vast surfaces. It lies in discordance of stratification upon the 
Palaeozoic rocks of Arkansas, and upon the Silurian, the Car- 
boniferous, the Dyas and the Trias of Texas. 

Chapter xiii is entitled : "Palaeontology of the Trinity 
division." The molluscan fauna, which is the only one 
described, ^'bears remarkable resemblance to forms from the 
upper Purbeck and basal Neocomian, or Wealden beds of 
Europe." A review of all the species described and figured by 
professor Hill is necessary to arrive at the true age of this 
division. First we have Ammonites walcotti Hill, Plate i. 
The name is unfortunate because it creates a confusion with 
Ammonites loalcotii Sowerby, who has described under that 
name, in his celebrated Mineral conchyliology vol. ii, p. 7, 
Plate 106, 1815, an Ammonites of the upper Lias, with which 
the Ammonites of Arkansas has no affinities whatever. 

Professor Hill is right in saying that "it resembles Am,mo- 
nites yo d'Orbigny, of the lower Neocomian ;" only the refer- 
ence to the lower Neocomian is an error, because d'Orbigny 
specially says that the Ammonites he describes under the 
name yo, belongs to the Kimmeridian of Boulogne-sur-Mer. 
The species of Mr. Hill is new ; but is closely allied to 
Ammonites yo, being much smaller, and the ombilix is not so 
narrow. It resembles Ammonites litocertis Oppel, with its 
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rounded back and its indistinct flexuous line on the side. It 
is a true discoid Ammonites, related to the three rounded-keel 
Ammonites litocerus yo and contejeani Thurmann ; three 
species of the upper Jurassic system of central Europe rang- 
ing from the Ammonites ( Oppelia) tenuilohatus zone to the 
Portlandian. It has also some resemblance to Oppelia 
latilobata Waagen of the lower Oolite of Poland. The locality 
of that Jurassic Ammonite is at the mouth of Caney creek, 
branch of Prairie creek, near Murfreesboro, Pike county, Ar- 
kansas. 

Pleiirocera stromhifoi^mis Schloth. It resembles a Cm^/tiwm 
or a Nerinea, related to Ceriihium pseudoexcavatum de 
Loriol, as well as to Nerinea nodosa Frederick A. Rcrmer and 
Nerinea speciosa Voltz ; all upper Jurassic gasteropods of 
Boulogne-sur-Mer, Hanover and Porrentruy. The fig. 7a, 
Plate II, of Mr. Hill, shows the opening with a fold so common 
in Nerinea. It will require better specimens iind better 
figures before dividing the genus of that most common and 
characteristic shell of the Arkansas and Texas Trinity beds. 

Vivipara cossatotensis Hill, the specimens being only 
"poorly preserved casts/' have deceived the author ; they do 
not belong either to the genus Vivipara^ nor to Liaplacodes^ 
but to Nniica. The species is allied to Natica zangis 
d'Orbigny of the lower Oxfordian. Buccinopsis conradi 
Hill ; it is almost identical in general contour with the figure 
of BucciTWpsis parry i Conrad.^' Professor Hill's fossil is a 
Natica, allied to Natica athleta d'Orbigny, of the Portland- 
ian of France. It differs greatly from Buccinopsis pai^ryi 
in the mouth, and on account of ribs on the spine. 

Ostrea frankllni Coquand. This species was named in 
my library in Paris in 1868, by Coquand, who came to ask me 
the permission to study my American Ostraca^., for his "Mon- 
ographic du genre Ostrea,'' in two [)arts. Coquand published 
only the first part, the Cretaceous species, the second part 
being left in manuscript unfinished. He recognized that the 
Gryphcea tucumcarii and the Ostrea marshii of the 
Tucumcari area (New Mexico) are Jurassic species, and he 
did not put them in the Cretaceous part of his Monograph, 
placing there only the Gryphosa pitcheri typical form, as 
described and published by Morton, F. Roemer and Marcou. 

After studying mv specimens, Coquand asked me for any 



360 Jnra^ N^OGomian and Chalk of Arkansas. — Marcau. 

American publications I might possess, containing Mesoxoic 
Ostracce. I first showed him the ''Synopsis of the moUusca 
of the Cretaceous formation," by W. M. Gabb, 1861, unknown 
to him ; and then the Second Report of a Oeological Recan- 
noissance of Arkansas^ by D. D. Owen, 1860, a work entirelj 
unknown in France. He saw at once that the Oatreaci^etacea ? 
Morton, on plates vii and viii, was a new species, and he 
asked mc for tlie formation and locality. But it was impossi- 
ble to answer, because the report does not describe the species ; 
the plates prepared by Owen were found after his death, but 
without text of any sort; and Mr. E. T. Cox thought beet to 
publish them without explanation. From my scanty practi- 
cal knowledge of the geology of Arkansas, I was inclined to 
think that tlie species must come from somewhere near the 
locality of the Gryluua pitcheri^ in the Kiameshia creek plains, 
and then that it was a Cretaceous species. Coquand said that 
it was different from all the Cretaceous Ostreoi that he knew 
of, and asked me to name it. I proposed Ostrea oweni, but 
he preferred Ostrea franklini^ on account of Benjamin Frank- 
lin, always popular among Frenchmen. So it came that the 
most characteristic and common of the fossils of the Trinity 
division, or upper Jurassic of Arkansas and Texas was named 
by a foreign palaeontologist, who never came to America, and 
was refttrred wrongly to the Cretaceous system. 

Professor Hill gives three plates of "figures of every possible 
type of variation," plates v, vi and vii, almost all collected at 
the same spot, in a brec(*ia limestone, five feet of thickness, 
composed entirely of these shells, near Murfreesboro, Pike 
county, Arkansas. After a careful study of the plates and of 
a few 8i)eciinens, I fully believe that we have there four distinct 
species. 

On plate v, from figure No. 1 to No. 10, we have a variety of 
tlie Ostrea vir(/ida. Tlie true and original Exogt/ra virgula 
(loldfus is a little larger and more hooked or virgulated, if we 
can make use of such a word. I must say that I have seen 
specimens, referred to Ostrea vtrgula in the Jura mountains 
and in Burgundy, exactly like iigures 2, 3 and 7 of Mr. Hill. 
So, on the whole, we can say that we have in the Trinity beds 
of Arkansas, the Enogyra nrgula so characteristic of the 
lower part of the Porthindian or Salius marls of central 
Europe. 
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The figures 11, 12, 13, 14, 15, 17 and 18 of plate v, and figs. 
20, 22, 23, 24, 26, 27 of plate vi, and figs. 28, 29, of plate vii 
represent very well the true and original Oatrea franklini 
of Owen and Coquand. Professor Hill, in his description, 
confounds the upper valve with the lower. The 0. franklini 
possesses only a very distant relation with the O. duhiensis^ 
a much smaller and less pointed species described by 
Contejean and Etallon, but is truly related and allied to 
O. acuminata J by its pointed and acuminate lower valve. 

Then we have on plate vi, figs. 19 and 25, an oblique form 
of Ostrea, which belongs to the O. rmmeri Quenstedt (Der 
Jura, tab. 77, fig. 22, p. 625) ; a species of the Argovian group 
of the Jura. 

And finally fig. 16 of plate v and more especially fig. 30, 
plate VII, are closely allied to a very common and character- 
istic fonn of the lower Oolite species of the Vesulian group, 
called Ostrea acuminata Sowerby, in the Jura mountains. 

At all events, all the forms figured by professor Hill are 
Jurassic forms, connected and allied with the Ostrea virgula^ 
O. robvieri and 0, acuminata. 

Modiola^ sp. ind. Hill, is a Mytilus allied to Mytilus 
longcbvus Contejean of the Sequanian (Lower Kimmeridian) 
of the Jura {Lethea Brimtrutana, p. 224, plate xxix, fig. 9). 

Area f/ratiota Hill. It is one of the largest ^rc^a of the 
Jurassic system. It resembles Area laufonensis Etallon 
{Lethea Bruntrutana^ p. 215, plate xxvii, fig. 4 of the 
Sequanian of Laufon, Solenre, Switzerland). 

Area {Barhatia) pai'va missouriensis Hill, plate iv, fig. 5, 
is related to Area inoequivalvia of the Jura mountains. Mr. 
Hill refers "also probably" fig. 4a, 4b of the same plate to that 
species. Figure 4a belongs to a Nucula^ and fig. 4b can not 
be referred to an Area. As to plate ii, fig. 22, also considered 
by professor Hill as belonging to Area parva missouriensis, 
it is a Nueula, allied to Nucfida rostralis Lamk. of the upper 
Lias of Salius (Jura). 

Cyrena ( Corhi^ila?) arkansaensis. It is Corhiscrenata 
Cont. or an extremely close species {Kimmeridian., p. 55, 
plate xiii, fig. 10 and 11 ; and the Lethea BruntrxUana^ p. 
187, plate xxiii, fig. 2). Kimmeridian at Porrentruy and 
Montbelliard. 

Corhicula? {Astarte?) pikensis Hill. It is an Aatarte 
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not 8o large as Astarte celtica Cont. of the Kimmeridian of 
Hontbelliard ; but larger and more thick than Astarte 
pesolina Cont. of the Portlandian or Salius limestone of the 
Jura. 

Cardiumf sevieriensis Hill is a good species. 

Anomia sp. ind. are very common in the Sequanian and 
Portlandian of Porrentruy (Switzerland). 

From the preceding remarks we see that the conclusions as 
to the age of the Trinity division, are that it represents in 
Arkansas and Texas the Jurassic system, and more especially 
the Upper Oolite from the Corallian to the top of the Purbeck 
or Salius limestone of the Jura. 

Some forms of fossils alluded to point even to a part of the 
Jurassic system older than the Corallian and Kimmeridian. 
And I ought also to speak of two specimens of a Chryphaay 
which professor Hill had the kindness to offer to me, and 
labelled by him ''Gryphwa pitcheri Morton, base of Creta- 
ceous, one thousand feet below other varieties of G. pitcheri; 
occurs by millions at Burnet, Texas.''' They belong to a 
Jurassic form entirely different from the G. pitcheri but related 
to Gryx>hcca calceola Quenstedt, and more so to Gryph(Ba 
arcuata Lamk. of the Lower Lia^. It is a new species, three 
or four times smaller than the G. arcitata^ but otherwise 
closely allied to it. It would not be surprising if the great 
division called "Trihity*' by Mr. Hill, and occupying a great 
surface in Texas contains the whole Jurassic system of central 
Europe. 

Revised list of fossils of the Trinity formation in Arkamcts. 

Ammonites walcotti Hill, not Sowerby. An upper Jurassic form. 

Pleurocera stromhiformis Schloth. A Cerithiumf or Nerineaf 

Vivipara cofsatotensis Hill. A Natica. 

BuccinopsisfconradiHiW, A Natica allied to N. athleta d*Orh. of 
tlie Portlandian. 

Ostrea franklint Co(iuand. Allied to Ostrea acuminata of the French 
Jura. 

Ostrea virgula Goldfuss. Portlandian of France and Switzerland. 

Ostrea rameri Quenstedt. Argonian of the Jura. 

Ostrea, closely allied to 0. acuminata of the lower Oolite of the Jura. 

Modiola sp. ind. Hill. A Mytilus allied to M. longsevus Cont. 
Sequanian of the Jura. 

Area gratiota Hill ; allied to A.laufonensis Etal. Sequanianof the Jura. 

Area {Barhatia) parva rnissiouriensis Hill, related to A, inxquivali* 
of the Jura. 
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NuculOf allied to N, rostralis of the upper Lias of SaliuB (Jura). 

Cyrena (Corbiculat) arkansaentis Hill. A Corhia closely allied to 
C. erenata Cont. Kimmeridian. 

Corhiculaf (Astartef) pikensis Hill. It is an Astarte. 

Cardiumf sevieriemis Hill. 

Anomia. sp. ind. Hill. A genus very common in the upper Jura. 

Professor Hill is inclined to regard this invertebrate fauna 
as a brackish water fauna, going so far as to say that ^^the 
shells are all of forms whose living representatives are known 
to inhabit brackish waters," and comparing them to forms 
from the upper Purbeck and basal Neocomian or Wealden 
beds of a part of central Europe. I can not agree either with 
the characters of brackish fauna or the Wealden or Neocomian 
age of the Trinity formation. The moUuscan fauna is a 
marine fauna, littoral to be sure, but no mixture of fresh 
water forms exists so far. As regards the age, we have in 
Texas and Arkansas the true equivalent and homotaxis of the 
Neocomian and Wealden of central Europe in the Frederick 
division of the Comanche series of professor Hill ; and the 
Trinity division is older, corresponding with the upper Juras- 
sic, from the Purbeck included down to the Oxfordian. 

Chapter xv, "Resume of the Cretaceous group" of profes- 
sor HilPs important volume, deals mainly with what he calls : 
"two misconceptions concerning the Cretaceous formation," 
giving excuses for the opinions expressed repeatedly and 
maintained contrary to the facts observed and recorded by me 
as far back as 1853, and condensed a last time in the clearest 
way in my paper of 1861 : "Notes on the Cretaceous and 
Carboniferous rocks of Texas" (Proceed, Boston Soc. Nat. 
Hist vol. VIII, p. 86), where will be found an exact section of 
the Cretaceous strata of Texas, showing that in America we 
have a complete series of strata of the lower Cretaceous or 
Neocomian and Aptian, middle Cretaceous or Green Sand and 
Turonian, and upper Cretaceous or Senonian ; only I did not 
give the details, which were unknown to me. 

On p. 166 professor Hill gives a diagram of the stratigraphic 
occurrence and range of the principal species of the genus 
Ostrea. It is a very instructive table : 

Exogyra costata green sand. — Gryphsea resicularis Lamk. 

Exogyra ponder osa marls. 

Rocky Comfort chalk. No Ostrea. 
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Base of Rocky Comfort chalk (Dakota-Niobrara epochs) — Ostrea 
bellaplicata Shumard. 

Ouachita Division. — Gryphsea sinuata var. americana Marcoa ; 

O. pitcheri, dilate var. Hill (not Marcou) ; Exogyra arxeiina 

HoQiner ; Ostrea diluviana Lamk. 
Frederickburg Division. — Gryphxa pitcfieri (type) Morton; Ostrea 

flabellata Goldfus. 
Transitional Jura-Cretacic ( Trinity Division ) — Ostrea franklini 

Coquand. 
Jurassic? (Tucumcari beds) — Gryphica dilatcUa? Marcou; Ostrea 

marshii Marc. 
The horizontal line above indicates a great break. 
It is certainly a progress and a great one after the curious 
diagrams of Messrs. F. Roemer, James Hall and Benjamin F. 
Shumard ; but it shows how difficult it is to return to a good 
and logical classification, when an erroneous one has been 
used and maintained, by all means, against plain stratigraph- 
ical, palicontological and lithological facts, during more than 
thirty years. 

Accepting the diagram of professor Hill, which is far more 
complete than I was able to make in 1853-61, for want of practi- 
cal detailed knowledge, because the reader must have always 
in mind, that when I made observations north of Texas, it was 
in a direct line and during a heavy march, under a military 
escort, and necessarily extremely limited ; only a sort of first 
glimpse at the geology of the 35th parallel — accepting that 
diagram, I shall give one, as I understand now the strati- 
graphic occurrence of the principal species of Ostrea. 

Tertiary, beginning with the Laramee group. 

Break . 

Fox Hill group or Albuquerque sandstone. ) 

Exogyra costata and Gryphxa vesicularis beds. > or Senonian. 

Exogyra ponderosa maris. ) 

Dakota group of Galisteo. — Ostrea congesta Conrad; or Turonian. 

Break. 



Break 



Greenish marly limestone of the junction of Little river with 
the Canadian river (Indian territory), or Cenomanian. 



Break. 



Comanche series ; AVashita Division, or Albian, Aptiau and 

Urgonian. — Exogyra arietina Roim., Gryphxa sinuata var. 

americana. Marc, and Gryphxa n. sp. ind. called G. 

pilcheriy dilate var. Hill (not Marcou). 
Comanche series; Frederickburg Division, or Neocomian. — 

Gryphxa pitcheri Morton, Roomer and Marcou; Exogyrm 

fiahellata (Joldfus. 



Jurassic (Trinity beds) — Exogyra virgnla Goldi.^ Ostrea frank- 
lini Coquand, Ostrea ra^meri Quenst. and Gryphsea Mied to 
arcuata. 
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Jurassic (Tucumcari beds) — OrypJuea dilatata var. Tucumcarii 
Marc, and Ostrea marshii Sow. and Marcou. 

Under the title Orj/phcea pitcheri Morton, professor Hill 
gives, at pp. 168-173, a long and quite correct account of the 
confusions and controversies created by my adversaries. I 
shall only point out two errors. Professor Hill thinks that 
"this species has such a striking Jurassic aspect ; " it is a very 
incorrect view, which he would not have taken if he had had 
a practical knowledge of the Jurassic and Cretaceous Euro- 
pean systems ; for at first sight, with my long experience of 
Jurassic and Cretaceous in the Jura mountains, T recognized 
the Neocomian form of Gryphma^^o characteristic in Gryphoea 
eouloni of Neuchatel ; and I had no hesitation to say in 1853 
when in the field at Comet creek, on the bank of the Washita 
river, that I had before me the equivalent and the homotaxis 
of the Neocomian great formation of Europe. 

All that professor Hill says about my figures 1, called by 
error (3), and 2, called by error fig. (1), of the Gryphcea 
dilatata old and young, iar incorrect ; my figure 2 is not a 
"small and imperfect figure," but on the contrary an excellent 
drawing of a young individual of G, dilatata var. tucumcarii, 
which has nothing to do either with the G, pitcheri Morton or 
the G' pitcheri variety dilate of Hill. 

For the first time, thirty-five years after I made my explor- 
ation in the Indian territory, Texas and New Mexico, a practic- 
al geologist, who knows stratigraphy, has seen the Tucumcari 
area. Professor Hill, after a few hours' stay at Little Tucum- 
cari, returned convinced that the Gryphcea tucumcarii is not 
the Gryphma pitcheri, and that the "unquestionable Creta- 
ceous" beds of Messrs. James Hall, the Shumards and J. S. 
Newberry belong to the Jurassic system. 

Professor Hill has an interesting chapter xiv, on the pres- 
ence of "Chalk in the North American Cretaceous." He says 
that "although certain Cretaceous beds * * * of the Nebras- 
ka formation of the upper Missouri, have been exceptionally 
alluded to as of a chalky nature * * * ;" "the term chalk 
has been studiously avoided in lithologic description" by 
American writers, because they have "the idea that true chalk 
does not occur in the United States." This is rather too 
exclusive and incorrect. Evidently my discover}' of the true 
chalk near Sioux City (Iowa) and in Nebraska in 1863, has 
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escaped liis notice. In my : **Reconnoi88ance geologique au 
Nebraska" (Bulletin Soc, OeoL France, vol. xxi, p. 145), I 
say : "In my visit at the Verygood^s quarry, I was struck with 
the extremely chalky lithological characters of the rocks, 
whicli have reminded me more than anything I saw before in 
America of the chalk of the Paris and London basins." And 
three years later, at the meeting of the 19th of Nov., 1886 of 
the same society in Paris, in reading my paper : "Le terrain 
Cretaco des environs de Sioux City de la mission des Omahas 
et de Tekama, sur les bordsdu Missouri" {Bulletin Soc. Oeoh 
France^ vol. xxrv, p. 56), I took the precaution to carry with 
me pieces of rough chalk taken near Sioux City, and I drew 
on the blackboard with them the three sections which accom- 
pany the paper, and at the end I said, writing with that chalk, 
**Craie d'Amerique," that in order to prove the constancy of 
lithological characters on vast surfaces of the earth, I had 
used only American white chalk that evening for my commu- 
nication before the Geological Society of France. All the 
members applauded loudly my practical remark. 

In finishing my review of professor HilPs work, I must 
mention the excellent '^Geological Map of southwestern Arkan- 
sas" at the scale of 1 : 202,752, which accompanies the volume. 
The legend comprises six divisions, beginning with the allu- 
vium, then the plateau gravel, the Tertiary, upper Cretaceous, 
lower Cretaceous and Trinity divisions. So that according 
to professor Hill, the Trinity is not Cretaceous ; then he ought 
to have used another color than green. It is the only criti- 
cism to be made of that beautiful map ; the Trinity formation 
])eing Jurassic ought to be colored in pale sky blue, which 
would have improved the appearance of the map. The limits 
of the formations are very distinct, and the distribution of the 
Trinity division shows a break of some sort between it and 
the lower Cretaceous, which exists only at a single spot, at 
Cerro Gordo. In a country so wooded and unhealthy as 
southern Arkansas, explorations are very difficult and even 
dangerous on account of the malaria, and professor Hill haf 
not an easy task. 

On the whole, volume ii of the Arkansas geological report 
for 1888 is a most creditable work, which reflects honor not 
only on its author, professor Robert T. Hill of the University 
of Texas, by far the best practical geologist who has ever 
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studied southern Arkansas and Texas, but also on professor 
John C. Branner, the state geologist. The State of Arkansas 
must be complimented to have secured the services of such 
able observers. 

Cambridge, Mass., September^ 1889, 



FENCE WALL GEOLOGY. 

By Aug. F. Foerste. 

In drift covered areas actual exposures of bed rocks are often 
insufficient in number to determine even the simpler problems 
of geology. In such cases any assistance derived from other 
sources is often of value. In regions where the drift near its 
surface contains boulders sufficient in size and abundance 
for the construction of fence walls, these boulders will often 
furnish the desired data. Since such boulders are placed in 
fence walls as a rule in the most expeditious manner consistent 
with the clearing of the adjoining fields, they have usually 
been removed too short a distance from their position in the 
fields to seriously affijct any investigation as to their distribu- 
tion. Moreover, an examination of the neighboring topogra- 
phy, the slope of the lands, the presence of streams and ponds, 
and similar data, will frequently even make their original 
position in the fields quite certain. The existence of fence 
walls also implies the existence of boulders in sufficient num- 
bers and of sufficient size to insure the observer that their orig- 
inal location, while a part of the bed rock, is not too far distant 
to make a study of their distribution profitable. The study of 
fence walls, therefore, becomes the study of the larger ele- 
ments of the drift. 

It is well known that near their source in the bed rocks the 
elements of the glacial drift are quite angular, but that owing 
to attrition the corners and edges are gradually blunted or 
worn off as their distance from the source increases, until 
finally the fragments become quite decidedly rounded. All 
this is of course accompanied by decrease in size. With a fur- 
ther increase of the distance from the original source the size 
of the boulders becomes too small even for use in fence walls, 
and the farther increase of distance is therefore also noticed 
by the smaller percentage of such boulders found in the fence 
walls. This smaller percentage may also be due to another 
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cause. For while the greater percentage of boulders travel 
along the path of the glacier (or with its gradient) a consider- 
able percentage deviate from this course; many 5, some 10, 
and a few even as much as 15 degrees, thus affecting the per- 
centage of such boulders in the fence walls. Knowing the 
direction in which the glacial drift moved from the scratches 
it left on actual exposures of bed rocks, it is possible by means 
of an examination of the relative degree of angularity and size 
of rocks, the frequency of their occurrence in the fence walls, 
and a study of their distribution, to trace boulders back to 
their original source. 

It is evident that the study of very angular bowlders is alone 
of direct value in determining the original position of any 
class of rocks, since these alone lie near their original source. 
A record of the remaining boulders of the fence-walls is, how- 
ever, of value in determining their probable distance from the 
original source, and in guiding future search. When boulders 
are derived from rocks maintaining their lithological and 
palffiontological characters over wide areas, the angular 
boulders derived from one locality within this area will be 
mingled with the more or less rounded boulders from some 
other locality in the same area, so that careful records are 
always of value in reaching accurate conclusions. Note-tak- 
ing is chiefly confined to recording the varying percentage of 
the various rocks forming fence-walls and their degree of 
angularity. A record of their size, in addition to that usually 
already indirectly expressed in a record of their percentage, is 
usually oflcss importance. 

The distribution of the very angular rocks will determine 
the form of the original area, whether the exposure was local 
and limited in all directions, formed a long narrow band, or 
covered a wide and extensive area. It will be of some assist- 
ance in this work to remember that the limits of any forma, 
tion in going against the glacial gradient are near the line of 
more or loss abrupt disappearance of all boulders derived from 
that area, and that the limits of the same area on the side 
with the gradient arc best determined by the similarly sudden 
appearance of boulders of a different character. As the bound- 
aries of any area approach parallelism with the glacial 
gradient, boulders of nearly the same degree of angularity but 
derived from different sides of the boundary will become inter- 



Fence Wall Oeology- — Foerste. 369 

« 
mingled, so that in such cases the determination of the bound- 
aries becomes more conjectural. 

Studies based upon preceding principles having led to a 
rough delineation of the area formerly occupied by any class 
of rocks it becomes necessary to correllate this area as deter- 
mined by boulders more closely with the area exposed by the 
bed-rocks during erosion. For this purpose recourse is had 
chiefly to topographical features. 

The most common of these are differences of elevation be- 
tween two adjacent areas geologically distinct, due to the fre- 
quency with which rocks of different geological ages show 
different degrees of resistance to the action of erosion. This 
is likely to result in the formation of single hills when the 
original area was a boss of some igneous rock ; long, narrow 
broken ridges or valleys when the original area was long and 
narrow, whether sedimentary or igneous in origin ; flattened 
or much diversified areas of greater extent but of marked differ- 
ence in general elevation when the original areas were of con- 
siderable extent. In such cases the boundaries between neigh- 
boring formations are apt to be found nearer the base of the 
hills or the top of the sides of the valleys expressive of the 
variable resistance offered to erosion by the different geolog- 
ical formations. 

Any abrupt change in the character of a rock, from a sand- 
stone to a conglomerate, a shaly series, an igneous formation, 
and the like is a potential line of weakness. Owing to a vari- 
able degree of hardness and tenacity the rocks along such 
planes are apt to become separated during folding and a mod- 
erate amount of sliding or faulting may take place on these 
planes, and give rise to additional fractures along the plane of 
separation. — The difference of velocity with which rocks im- 
mediately on either side of such planes transmit earthquake 
shocks is also likely to find its expression in a general loosen- 
ing of the strata along those planes, accompanied often by 
some sliding. — Ordinary faults in addition to a general plane 
of separation are often accompanied by mii.jr fractures in the 
vicinity owing to friction during faulting. All of such frac- 
tures in whatever way caused are liable to intensify the differ- 
ences of elevation at the boundaries of adjacent geological 
areas, by offering regions favorable for the cutting action of 
erosion, whether by ice or water ; and such fractures usually 
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express theinselvcB as beds of streams, long lakes, or valleyfl. 
In localities presenting great geological diversity and sub- 
jected to long erosion it is often found that the existence of a 
well marked valley, stream or pond, immediately heralds 
8ome change of formation which will be found on crossing the 
same. Boundaries of geological areas as determined by boul- 
ders are then readjusted also with reference to neighboring 
streams and valleys. 

Where the rocks dip towards their boundaries, the boundary 
streams will usually be found to remain near the fractures 
which determined their course. Where they dip away from 
their boundaries, especially if composed of softer rocks, the 
streams will often wander a small distance from their original 
beds. — As a general rule the dip. of rocks in the more recent 
formations is away from, in the older rocks, towards, any 
area of massive igneous rocks penetrating the same. This 
simply means that since such igneous rocks do not always 
show themselves at once at the surface, the element of time 
must be taken into, consideration, and as a rule the anticlinals 
of any area are sufficiently eroded to expose igneous rocks not 
originally shown at the surface, before synclinals containing 
corresponding igneous rocks in the same position are suffi- 
ciently eroded to expose them. A certain allowance must be 
made for the probable change of course of any stream since 
its first connection with a series of fractures. 

Such, in general, are the methods used in gaining some 
slight assistance from the boulders of fence walls and from 
topographical features when the drift is too heavy to permit 
the frequent exposure of the bed-rocks. Frequent modifica- 
tions of these methods are used in the field, but the principles 
jire all those well understood by the glacial geologist and do 
not need further discussion. The amount of information 
often obtained in this way would no doubt be a matter of 
great surprise to those geologists who neglect all features 
except surface exposures. Yet, since the value of all such 
work is dependent upon the accuracy and distinctness with 
which the original boundaries of bed-rocks, now drift-covered, 
can be traced, such methods find their best practical applica- 
tion where the dip of rocks is strong enough to furnish sharp 
boundaries along their strike (30° to 90°) where the structure 
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is complicated, but not upon a small scale. Actual exposures, 
though isolated, always furnish a check upon such work. 



EDITORIAL COMMENT. 



SOME RECENT SPECULATIONS ON THE ORIGIN OF PETROLEUM. 

The distinguished Russian chemist Prof. Mendele^f of St. 
.Petersburgh, has recently discussed from a new standpoint this 
oft-mooted question and as considerable currency has been 
given to his theory, this fact, together with the eminence of its 
author as a chemist, renders some notice of it appropriate to 
these pages. 

In his essay Prof. Mendeleef sets out with the statement that 
most writers tEcitly assume that petroleum is a product of 
vegetable matter. For this assumption there is, he says, no 
ground unless we admit that its chemical composition — re- 
sembling coal so closely as it does — may be admitted as an 
argument. This origin he sets himself to disprove. Petrole- 
um could not, he says, have been produced on the surface 
because it would have evaporated. Nor could it have been 
produced over a sea-bottom because it would have floated up 
and have passed off. Thirdly, he maintains it must have been 
formed where it now exists, because it could not have been 
transported as sand or clay, and could not have flowed on the 
surface. 

Now with all respect to the eminent attainments and bril- 
liant reputation of Prof. Mendeleef we may say at once that 
this catalogue does not by any means exhaust the list of pos- 
sibilities. There are situations in which petroleum may have 
been made other than the surface and the sea-bottom. Indeed, 
we have never heard the former advocated bv anv one. And 
granting, for the sake of argument, that petroleum can not be 
transported very far, yet Prof. M. adduces no satisfactory evi- 
dence against its formation in the region in which it actually 
occurs. 

We must assume that Prof. M. has some practical acquaint- 
ance with the geology of the Baku oil-regions of Russia but we 
can not refrain from suggesting that he does not show the 
familiarity with similar districts in North America that would 
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be desirable in one who undertakes to propound a new theory 
on so difficult a subject. 

According to his statement the oil-bearing strata of Europe 
belong chiefly to the Tertiary or later ages. He therefore 
admits that the Carboniferous deposits beneath them may 
possibly be the source from which their oil has been derived. 
But he adds that the oil-bearing sands of North America 
belong to the Devonian or the Silurian strata in which few or 
no organic remains have been found. If the Coal Measures 
were the source of the oil it would never, says he, have gone 
down into the underlying Devonian rocks of Pennsylvania 
through the intermediate shales and clays, so that it is not 
possible to attribute its origin to the secular changes produced 
in coal by heat and pressure. 

It seems incredible that such a statement can have been 
made by any one acquainted with the abounding fossils of 
these rocks in Canada and the United States, where whole 
layers consist in some places of almost nothing but the relics 
of bygone life, both animal and vegetable. This is the case with 
many beds in the Trenton and Hudson River groups. The Devo- 
nian rocks in the eastern and midland states are also filled with 
similar remains, especially of marine invertebrata and fishes, 
while some strata of this latter system in places consist of 
little save the minute sporanges of aquatic cryptogams, indi- 
cating an abundance of these plants at that date, which it is 
difficult to realize. 

The prevalent opinion among geologists is that petroleum 
results from the slow secular changes that take place sponta- 
neously, as it were, in such masses of organic matter as we 
have just indicated. Sea- weeds and plants of their low grade 
leave, in most cases, no distinct fossil remains, but their decay 
produces a quantity of bituminous material which may be 
represented merely by the black carbonaceous substance of 
the shales. It is only when, as in Ohio, such shales containing 
more or less bitumen in their mass are overlain by a porous 
sandstone and that in turn by an impervious layer of shale 
that the conditions are fulfilled and a store of gas or of oil 
results. A porous limestone may take the place of the sand- 
stone and a bituminous limestone may play the part of the 
shale, as in northern Ohio, but the general conditions remain 
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unchanged so that there is in reality no need to look for any 
other source of petroleum. 

Mr. W. Anderson, in his presidential address to the Section 
of Mechanics of the British Association at Newcastle-on-Tyne, 
developed to his audience Prof. Mendeleers theory, and appar- 
ently with approval. In his sketch, which is somewhat 
hypothetical, he follows his leader in presupposing as a neces- 
sary condition, the existence of iron in immense quantities in 
the interior of the earth, both pure and in the form of carbides. 
Water penetrating the crust is supposed to react on these sub- 
stances and so to develop a hydrocarbon at the expense of its 
own oxygen. The new hydrocarbon thus produced is carried 
up with the steam into which the water has been transformed 
and deposited as soon as the cooler strata are reached. 

It is scarcely necessary to mention that the data here 
assumed are not only unproved, but highly improbable. In 
fact their assumption almost amounts to a return to the old 
hypothesis of Sir Humphrey Davy, who, in his enthusiasm at 
having discovered the remarkable properties of potassium, 
imagined a vast storehouse of his new metal in the bowels of 
the earth, by the aid of which he could explain all the phe- 
nomena of volcanic action on chemical principles. 

Prof. Mendeleef further endeavors to support his theory by 
asserting that oil-bearing regions always lie near to or run 
parallel with mountain ranges, as in the case of the Appala- 
chians and the Caucasus. In the synclinal cracks, widening 
below, which he says must exist in such regions, lie the accu- 
mulations of oil and gas. Now it is well known in America that 
a fissured region, especially a synclinal, is barren ground, and 
that a disturbed region is also devoid of oil and gas. Both 
occur only in strata almost horizontal and usually along 
lines of very slight anticlinal arching. So that geology 
affords no ground whatever for the new theory.^ 

Moreover there are exceedingly productive districts in the 
western hemisphere, such as those in Indiana, in Ohio, and in 
Ontario where there can be no such Assuring as is required by 
Prof. Mendeleef. The regions in question lie at a distance 
from all mountains and all disturbance capable of producing 
fissures and in the midst of a wide extent of nearlv horizon- 
tal and uncontorted rocks not varying from the level more 
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than a few feet in a mile. All the chief data required for the* 
new theory are conspicuously absent. 

Finally Prof. Mendele^f seems to depend largely for the sup- 
port of his theory on the enormous quantities and high pres- 
sure and permanence of the oil and gas supplies. This he 
uses as a powerful argument against the belief in their deriva- 
tion from any organic source, such as the bituminous shales 
of the Secondary or even of the Paleozoic rocks. This 
abundance indicates, he thinks, an origin in chemical action 
in the primary nucleus of the earth or in the deeper parts of 
the crust. This doctrine would be welcomed by all those 
whose money is in gas and oil and would be indeed joyful 
news to all who have hoped to be delivered from the plague 
of smoke by the advent of natural gas. But we can assure 
Prof. Mendeleef that this last hope will prove fallacious, and 
that how abundant soever may be the present supply, that sup- 
ply is destined to fail, and before very long. The new oil and gas 
region of the Caucasus may not yet show sign of failure, and 
years may pass before such sign appears, but the falling off 
of the spouting and flowing wells which is as constant there 
as elsewhere, and the need for pumping where the yield was 
once spontaneous, are indications that can not be mistaken ; 
and as the great gushers of Pennsylvania have long since 
ceased to flow, so the enormous supplies elsewhere will one 
day follow suit.' Economy is the wise policy of all engaged 
in the manufacture, in order that the wonderful store of nat- 
ural fuel, liquid and gaseous, may last as long as possible. 
Signs are abundant that the quantity is limited, and that if 
produced now at all the production is far slower than the con- 
sumption. Apprehension is already felt that the great blowers 
of gas at Pittsburg are running down and such announcements 
as the following are not calculated to allay the feeling. 

'That the gas supply in this (Pittsburgh ) district and adjoin- 
ing places has passed its zenith and is now on the wane can no 
longer be satisfactorily denied. The reason usually given was 
that new mains were-bcing laid to the wells or that the size of 
those already down was being enlarged. These changes have 
all been made and still the desired fuel does not pour through 

^ See an article on "Tlie Future of Natural Gas'* in the "American 
Geologist for January, 1888, where this state of tliinjrs was distinctly 
foretold. 
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in the necessary quantities. This state of affairs was noticed 
first in the latter part of last winter, but the coming of warm 
weather relieved the pressure for domestic purposes and noth- 
ing was heard of the shortage during the summer months. 
But with the first appearance of a change of temperature tins 
fall the trouble recommenced in an aggravated form. The last 
movement of the natural gas companies has been to ask the 
big mills to run only at night, when the demand for fuel for 
other purposes would be slight. Many of the establishments 
have decided to return to the use of coal and some have already 
done so."^ — Philadelphia Enquirer^ Oct. I^k 1889, 

In the conclusion of this address Mr. Anderson remarks : 
"We are almost forced to the belief that the hydrocarbon 
products must be forming as fast as they are consumed, and 
there is little danger of the demand ever exceeding the su})- 
ply, and that there is every prospect of oil being found in 
almost every portion of the surface of the earth, especially in 
the vicinity of great geological disturbances. Improved meth- 
ods of boring wells will enable greater depths to be reached 
and it should be remembered that apart from the cost of sink- 
ing a deep well there is no extra expense in working at great 
depths, because the oil generally rises to the surface or near 
it. The extraordinary pressures, amounting to 300 pounds on 
the square inch, which have been measured in some wells, 
seem to me to yield conclusive evidence of the impermeability 
of the strata from which the oil has been forced up and tends 
to confirm the view that it must have been formed in regions 
far below any which could have contained organic remains.'* 

After what we have already said it is needless to point out 
the fallacy of Mr. Anderson's reasoning and the baseless nature 
of the rose-colored vision with which he amused his audience 



'We find tliat the flam^ complaint comes from Wheeling, W. Va. 
In the issue of the Scientific American for October 5, wliich has just 
come to hand, wo rea(l, '^The natural gas supply is becoming scarcer 
every day and there is especial complaint amon^ the manufacturers 
who had hoped that during the warm weather they would liave all the 
gas that they needed. For several weeks past the Riverside Tu]>e 
Works and Plate Mill have been very j^reatly troubled by lack of jras 
and at times have l)een compelled to stop till the supply became bet- 
ter. The company is gettinjr things into shape as rapidly as possible 
to go back to the use of coal in the tu!)e works. The Bellaire mill has 
gone back to the use of coal and the Jiabelle is understood to contem- 
plate a return to coal in all departments. Several other mills and fac- 
tories are in the same position.'* — Register. 
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in the latter part of his discourse. No gas or oil well has ever 
been known to afford a pressure greater than that due to its 
depth, or indeed equal to it. No oil well has flowed except in 
diminishing quantity even for a few years, nor has the oil per- 
manently reached the surface. Nor does the ability of reach- 
ing greater depths afford us any hope. Already the wells are 
far below all the productive strata. Three thousand and even 
four thousand feet have been penetrated and the ancient 
gneissic rocks have been reached in the United States, while 
in Germany even this has been surpassed and the augur has 
been down five thousand feet below the surface and the latest 
report gives the actual deepest boring at 5,735 feet, or consid- 
erably more than a mile. But the lowest oil-bearing strata in 
North America are only about 1,500 feet down, and it is rare 
indeed to find any valuable yield below that depth. In the 
Caucasus the beds are, we understand, even nearer to the sur- 
face. All analogy and all probability, are therefore, against 
the chance of our ever finding gaseous or liquid fuel at great 
depths in the crust and the idea of going down below the 
Palaeozoic strata in search of oil or gas in the hope of winning 
them from the old Archaean rocks below can find no place in 
the mind of any one of sound judgment and practical experi- 
ence in the subject, be he chemist, geologist or only well- 
sinker. 



KliVIEW OF RECENT GEOLOGICAL LITERATURE. 



Address to the Geological Section of the British Association. By Jamjbs 
(teikie, LL.D., F.11.8., president of the Section. Newcastle-upon- 
Tyne, Sept. 12, 18S9. pp. 27. (A reprint of this address, excepting its 
two introductory pages, is j^iven in the Geological Magazine for Octo- 
ber). Thesnbje(;t is the recent progress in glacial geology, with ref- 
r^rence chiefly to the limits, and to the marginal moraines and other 
<lrift deposits, of the ice-sheet of northwestern Europe, together with 
its relation to the loess, to interglacial epochs, and to the antiipiity of 
man. 

Professor Geikie recounts the phases of opinion that have pre- 
vailed among German geologists concerning the origin of the drift. 
At first submergence and icebergs were appealed to as explaining 
everything; but since Dr. Otto Toroll, in ISTo, first stated his belief 
that the **diluvium" of northern Germany was of glacial origin, ingen- 
ious attempts have been made to show that the drift was formed 
partly by lioating-ice and partly by land-ice, until with extended 
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observation and study, the element of floating-ice has been gradually 
eliminated, and all the phenomena now find explanation by means of 
land-ice and "schmelz-wasser" alone, that is, by the ice-sheet and the 
water produced by its melting. The marine shells that are found 
rarely in the German stony clays, along with mammalian bones and 
fresh water shells, have been shown to be derivative in their origin, 
being just as much erratics as the stones and boulders with which 
they are associated. 

Following the summary by Dr. Jentzsch o^ the present opinions of 
German geologists, the author notes that the northern regions, as the 
Scandinavian peninsula, Lapland and Finland, were the feeding- 
grounds of the ice-sheet. ''In those regions melting was at a min- 
imum, while the grinding action of tlie ice was not effective. * * « ♦ 
Further south melting greatly increased, while ground moraine at the 
same time tended to accumulate, the conjoint action of glacier-ice and 
subglacial water resulting in the complex drifts of the peripheral 
area. In the disposition and appearance of the aqueous deposits of 
the 'diluvium* we have evidence of an extensive subglacial water cir- 
culation, glacier-mills that gave rise to 'giants' kettles,' chains of 
subglacial lakes in which fine clays gathered, streams and rivers that 
flowed in tunnels under the ice, and whose courses were paved with 
sand and gravel. « * ♦ * The dove-tailing and interosculation of 
boulder-clay with aciueous deposits are explained by the relation of 
the ice to the surface over which it flowed. Throughout the peripheral 
area it did not rest so continuously upon the ground as was the case 
in the inner region of maximum erosion. In many places it was tun- 
nelled by rapid streams and rivers, and here and there it arched over 
subglacial lakes, so that accumulation of ground moraine proceeded 
side by side with the formation of aqueous sediments. * * * ♦ Now 
a study of the ground moraines of modern glaciers aflbrds us a reas- 
onable explanation of such difi*erences. Dr. Bruckner has shown that 
in many places the ground moraine of Alpine glaciers is included in 
the bottom of the ice itself. The ground moraine, he says, frequently 
appears as an ice-stratum abundantly impregnated with silt and rock- 
fragments, — it is like a conglomerate or breccia which has ice for its 
binding material. AVhen this ground-moraine melts out of the ice — 
no running water being present — it forms a layer of unstratified silt or 
rlay, with stones scattered irregularly through it. Such being the 
case in modern glaciers, we can hardly doubt that over the peripheral 
areas occupied by the oM northern ice-sheet boulder-clay must fre- 
quently have been accumulated in the same way. Nay, when the 
ground-moraine melted out and dropped here and there into quietly 
flowing water, it might even acquire in part a bedded character.*' 
Professor Geikie also believes that the drifts of middle and southern 
England, which exhibit the same complexity, will eventually be gen- 
erally acknowledged to have had a similar origin. 

The interglacial beds of northern Germany contain remains of a well 
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marked temperate fauna and flora, which indicate, as the author 
thinks, more than a partial or local retreat of the ice-sheet. The geo- 
graphic distribution of the beds and the presence in them of sncli 
forms as Elephas antiquuSj Cervus elaphutt C. megaceros, and a flora 
comparable to that now existing, load to the belief that the intergla- 
cial epoch was one of long duration and characterized by climatic con- 
ditions apparently not less temperate than those of the present time. 
Penck, Bohm, and Briickner find evidence of two interglacial epochs, 
and maintain tliat there nave been three distinct and separate epochs 
of glaciation in the Alps. Others, however, as M. Falsan, tlie eminent 
French glacialist, do not believe in the existence of any interglacial 
epoch, although they readily admit that there were great advances and 
retreats of the ice during the glacial period. 

Successive marjriual moraines, the outermost lying, as in the upper 
part of the Mississippi basin, at a considerable distance north of the 
extreme limits reached by the ice-sheet, are traced across northern 
Germany, and (marking later stages of the glacial recession) around 
the southern coasts of Norway, across the province of Gottland in 
Sweden, passing through the lower ends of lakes Wener and Wetter, 
and in Finland from Ilango Head, oast-northeasterly, passing north of 
lake Ladoga. 

The author believes that the loess is for the most part of aqueous 
origin, referring its deposition to the flood- waters of glacial times, 
spreading their fine se<liment over wide regions of the low grounds, 
in the slack waters of the rivers and in te/nporary lakes. But he 
remarks that there are dillerent kinds of loess or loess-like depo>it8, 
and that all need not have been formed in the same way. Probably 
some may have been derived, as WahnsohafTe has suggested, from the 
denudation of boulder-clay ; and there are still other accumulations, 
as the berg-loes!<, with its abundant land shells, which no aqueous 
theory will satisfactorily explain. Such loess is apparently the result 
of subaerial action, of rain, frost, and wind acting upon the super- 
ficial formations. 

Pala'olithic implements, giving evidence of the early appearance of 
man in Kurope, are found, as Prof. Geikie has long maintained, in 
beds of glacial and interglacial ago ; and he believes that none of these, 
but only neolithic imjdements, showing increased skill in their manu- 
facture, occur there in postglacial deposits. 

This address <-lo8es with the suggestion that when the conditions of 
the glacial perio<i and the causes that gave rise to these have been 
more fully and definitely ascertained, we shall have advanced some 
way toward the better understanding of the climatic conditions of still 
earlier periods, the problem being stated as follows: — "One of the 
chief factors in the i>resent distribution of atmospheric temperature 
and pressure is doubtless the relative j)osition of the great land-and 
water-areas ; and if this be true of the present, it must be true also 
of the past. It would almost seem then as if all one had to do to 
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ascertain the climatic conditions of any particular period was to pre- 
pare a map depicting with some approach to accuracy the former rel- 
ative position of land and sea. With such a map could our meteorol- 
ogists infer what the climatic conditions must have been? Yes, 
provided we could assure them that in other respects the physical 
conditions did not differ from the present. Now there is no period in 
the past history of our globe the geographical conditions of which are 
better known than the Pleistocene. And yet when we have indicated 
these upon a map, we find that they do not give the results which we 
might have expected. The climatic conditions which they seem to 
imply are not such as we know did actually obtain. It is obvious, 
therefore I that some additional and perhaps exceptional factor was at 
work to produce the recognized results. What was this disturbing 
element, and have we any evidence of its interference with the opera- 
tion of the normal agents of climatic change in earlier periods of the 
world's history ? » ♦ ♦ ♦ The success with which other problems 
have been attacked by geologists forbids us to doubt that ere long we 
shall have done much to dispel some of the mystery which still envel- 
ops the question of geological climates.'' 

Solar heat, Oravitation and Sun-ttpots. J. H. Kedzie.* Two hun- 
dred and seventy-eight years ago dark spots were first discovered on 
the sun, and they have been the source of much discussion and re- 
search. Sometimes they are so large that they can be seen by the 
naked eye, covering million^ and even billions of square miles. They 
frequent two belts on the sun's surface equi-distant from the equator, 
fading out along either edge. These belts of maximum frequency 
extend from ten degrees either side to about thirty degrees north and 
south from the equator. They increase and diminish in frequency 
at nearly regular periods of about eleven years. When they appear 
at the edge of the sun's disc their perspective clearly shows that they 
''are immense chasms in the strata of the photosphoric and penum- 
bra! clouds, laying bare for the time the inner, darker and cooler 
nucleus of the sun." They are exceedingly variable in size and duration 
— the latter varying from a few hours to weeks or months. 

As already stated, the interest of the book culminates in the discus- 
sion of these spots, and in the application the author makes of his 
general theory to their explanation. A few more ascertained facts 
respecting the nature of the sun's photosphere and these spots will 
serve as an introduction to this explanation, viz: It has been deter- 
mined by actual experiment that the umbra emits fifty- four per cent, 
and the penumbra about eighty per cent, as much heat as a correspond- 
ing part of the photosphere. This shows that the heat of the pho- 
tosphere is not derived from the interior of the sun, and conse<iuently 
must come from without, from a supply independent of the internal 
heat of the sun. 2nd. The lightest portions of the photosphere are the 
hottest The faculse, "the sun's Himalayan mountains of light" are 

*For other portions of this review see pp. 181, 246 and 300. 
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tVmr. 'I'liiit in, hin^e the e(|(iat'ir is <:r>oler than the poles there must be 
(t 'irt'iihition in th<f Miin'H envelop simihir to that of the earth's* atmos- 
ptMTi*. f /onM<'<|ij4'ntly thoH<? spotH tliat appear at the greatest distance 
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in fiivor of tlieanthor'Hth<*(»ry. Tlie avcraj^e inclination of the planets' 
nrhitM to the iixIm of the Hun iH leHH than thirty degreoH. They there- 
fore conct^it rule their for<'«» of intcrce|»tion npon the equatorial regions, 
and tliin uppctirH in tw(» lielts of maxinuini fro(]uoncy of spots, each 
fi\din>?ont toward the «M|uat<»r, because at tlie otjuator the downpour 
t»f the cooled ehMuents toward tlie nudeua causes the spots to disap- 
pear in their deeper seated journey back to the poles, and the more 
healed snperllcial strata rush in to take their place. The sun's e<iua- 
torial rejrion is therefore, like that of the earth, one of greater atmos- 
pheric commotion, with occasionally **cyclonic** spots. 

The periodicity of the maxima of sun-spots is made to throw further 
evidence on the interception theory of thtMr cause. It is found that 

■ Newcomb's "Topular .Vstronomy." p. r»lS. 
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there is an approximate agreement between the perihelia of Jupiter 
and these maxima. Those instances in which the agreement is not so 
close are supposed to be due, when not referable to inexact or insuffi- 
cient observation, to the greater concentration of the perihelion influ- 
ence of some of the other planets at somewhat different periods. 

In conclusion, while it is possible to point out difficulties in accept- 
ing the author's views, and his application of them to some of the 
facte, there is much that is original and striking in this work, and it 
can not but play an important part in ultimately bringing the science 
of astronomical physics into consistent accord with acceptable doc- 
trines of the nature and action and origin of the sun's heat. We com- 
mend the book earnestly to all students of the celestial mechanics. 
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The chemical origin of the VBRifiLiON LAKE IRON ORBS. In an 
article which is published in the November number — On a Possible 
Chemical Origin of the Iron Ores of the Keewatin in Minnesota, by N. H. 
Winchell and H. V. Winchell— the statement of opinions, as held by 
the late professor Irving and myself are so different from our true 
views that I ask that you insert in your next number the following: 

On page 291 the article says : 

**It is evident that the papers of the late Prof. R. D. Ir\'ing and of 
Prof. C. R. Van Hise, while in the main considering the problem from 
the point of view of the **Huronian," have also embraced in the 
scope of the phenomena cited, a group of strata much older, which lie 
everywhere unconformably under the Huronian, and which present a 
series of facts which are distinct from those appertaining to Uie Huro- 
nian as found in the Penokee-Gogebic and Mesabi regions. The con- 
founding of two formations, and the placing in one category the chem- 
ical and structural phenomena that are separated into two series by a 
great time iuterval, and by structural unconformity, have so compli- 
cated the problem that hitherto no theory has been found capable of 
covering ail the facts. The existence of this widespread unconformity 
has been shown in recent reports on the geology of the northwest, by 
A. C. Lawson, A. Winchell, and by the writers; and latterly it was 
also recognized by Irving (7th An. Kep. U. S. Geol. Sur.)" 

As a matter of fact professor Irving recognized this unconformity as 
early as 1881. This is perfectly evident by his six generalized geolog- 
i(;al sections of the lake Superior basin, (Copper-Bearing Rocks of 
Lake Superior, page 41H), in all of which the Animikie rocks are 
placed in unconformity above the gneisses and schists. Also in the 
November number of the American Journal of Science for 1887, page 
261, professor Irving describes in detail an unconformity between the 
Animikie beds in Gunfiint lake and the underlying schists. This is 
the locality described by professor Alexander Winchell of the Minne- 
sota Survey several months later (Volume i. No. 1 of the American 
Geologist, pp. 14-24). 

The article assumes that the schists referred to above as occurring 
unconformably below the Animikie are the same as the rocks which 
bear the iron ores in and about Tower and Ely, Minn. This is taking 
as settled the very question at issue. To call the rocks below the 
Animikie, Keewatin, and the rooks which bear the Vermilion lake 
iron ores, Keewatin, is no evidence of equivalence. It was professor 
Irving's opinion that these formations are not equivalent; and that 
the Animikie s(»ries and that bearing the Vermilion lake ores are equiv- 
alent. The reasons for this opinion can not be given here, but refer- 
ence is made to his elaborate discussion of the whole question in the 
7th Annual Report of the U. S. Geological Survey. 

On ])ajre 21)4 of the article in the Amkiucan Geologist is said: 

"The difficulties in applying the theory of Irving, i. e. the meta- 
soniiitic substitution of oxides of iron for some pre-existing carbonate, 
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appear when we search for the remains of the 8upposed older carbonate, 
and when we find the country rock does not aflford good reason to have 
expected the deposition of any carbonate ; and also when we search 
for the remaining ingredients which the assumed motasomatic process 
may have left in the ore." 

This implies that no carbonate of iron is found associated with the 
iron ores of Vermilion lake. This is not the case. Professor Irving 
found as early as 1885 finely laminated rocks which boar a large per- 
centage of iron carbonate immediately adjacent to the iron ores which 
occur near Tower. Indeed, in his article on the origin of the iron 
ores in the American Journal of Science, he particularly emphasizes 
the fact of the presence of iron carbonate in these Vermilion lake ores, 
and in some detail describes the changes to which the rock has been 
subject. Among other facts is mentioned the formation of iron oxides 
pseudomorphous after iron carbonate. Analysis by professor W. 
W. Danielis shows that the amount f)f iron carbonate in one 
specimen collected by professor Irving in the summ<»r of 1885 is as 
high as 25 per cent. It was such facts as this, combined with many 
other points of similarity between the Vermilion lake iron-bearing 
beds and the other important lake Superior iron-bearing horizons, upon 
which he based his argument for a like genesis of them. 

The article in the American Geologist also implies that I have 
maintained an origin for the ores of Vermilion lake like that of the 
Penokee-Gogebic country. I have refrained from exj)re8sing an opin- 
ion upon that question. I only say in the American Journal for Jan- 
uary, 1889, *'that it would be an interesting illustration of the uniform- 
ity of Nature's processes, if future investigations should show that the 
iron ores in the other regions of the lake Sui)erior <'ountry have an 
origin like those of the Penokee-Gogebic series.'* 

It is not my purpose here to discuss the opinions expressed by the 
authors in the paper, but merely to correct the misconceptions which 
are contained in the paper as to the work and opinions of the late pro- 
fessor Irving. 

C. R. VanHisk. 
Madison, Wis., Nov. 9, 1889. 



Prof. Van Hiso calls attention to the fact of the recognition by Prof. 
Irving of the unconformity between the Animike and the underlying 
gneis.ses and schists in the vicinity of Gunflint lake, and refers to Prof. 
Irving' s general sections of the lake Superior basin (Copper-bearing 
rocks of lake Superior, p. 410), and to his descriptions in the ^m. 
Jour. Sex, for 1887, p. 261. Prof. Van Hise quotes these as evidence 
that the statements made in the November Geologist,^ to the effect 
that Prof. Irving did not recognize the two great iron-bearing horizons 
in the northwest and in his attempts to account for the existence of 

' On a possible chemical origin of the iron ores of the Keewatin in 
northeastern Minnesota, p. 291. 
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the iron ore confounded them in one consideration, and covered them 
both by the same hypothesis, are incorrect. 

Prof. Van Hise is very unfortunate in referring to the general sec- 
tions made of the lake Superior basin by Prof. Irving and published in 
Copper-hearing rocks of lake Superior, Not only is there no evidence in 
the sections themselves that Prof. Irving recognized the unconformity 
which the article he criticises refers to, but, taken with the text, and 
in connection with tlie diagram on p. 417 of the same work, they con- 
firm unquestionably the statements made by us in the November 
Geologist. In the first place the sections represent **gneiss, granite, 
etc.,*' as lying unconformably below the Animike, not "gneiss and 
schists,*' and throughout the volume he describes these as a part of 
the Laurentian. There is at no place in the volume, so far as we can 
ascertain, any reference to the great Keewatin formation — the green 
schists that enclose the Vermilion lake iron ores — which we state are 
also unconformable beneath the Animike. In the next place if we 
examine the diagram given by Prof. Irving on p. 417 of the same vol- 
ume we see at once that the unconformity of which we speak was 
wholly unknow n to Prof. Irving at that time, for this diagram repre- 
Hents the Huronian **unfolded'' as continuous northward and becom- 
ing the * 'Folded Huronian/* and involved there with crumpled Lau- 
rentian in some such way as to constitute what has been separated 
from the Huronian under the name Keewatin. At the foot of the 
same page Prof. Irving show^s that he had not apprehended the 
distinctness of these Hchists from the Huronian, by the following 
statement: "The connection of these folded beds with the unfolded 
is a structural problem still needing investigation.** 

Prof. Van llise is almost equally unfortunate in referring to the 
paper of Prof. Irving in the Am. Jour. Sci. vol. xxxiv, p. 261 ; for the 
schists that Prof. Irving there refers to are not admitted by him, (nor 
either are they by Prof. Van Hise) to be iron-bearing, and continuous 
to Vcrniilion lake. It is true that the non-conformity that is repre- 
sented by Prof. Irving at Gunflint lake,'^ between the Animike and the 
lower schists and granites, actually does exist. It is also true that the 
same overlai> of the Animike is to be seen on later schists, at points 
further west in the direction of the strike of the lower schists, and that 
these slightly higher schists omV)race the ores at Vermilion lake. This 
unconformity at these western points, and its identity with that at 
Guntlint lake, was not admitted by Irving — nor is it yet by Van Hise — 
and therein is the complication and confusion that has arisen in at- 
tempting to apply the same theory for the origin of the iron ores to both 
formations, as represented in the article which is criticised by Prof. 
Van Hise. This lower horizon of schists has been traced carefully and 

-This unconformity was described briefly in the same number of 
the Am. Jour. Sci. bv A. Winclull, of the Minnesota Survey. It had 
been first noted by I^. H. Winchell in 1S78. See the ninth report of 
the Minnesota survey, pp. 10 and »S2; also compare Bulletin No. 1, of 
the Minnesota survey, p. 33; and the seventeenth report, p. 15. 
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oontinuously between Vermilion lake and Gunflint lake and the points 
of unconformity with the overlying Animike have been mentioned in 
several places in the reports of the Minnesota survey.' There is no 
geological fact in connection with the work of the Minnesota survey on 
the crystalline rocks which is more confidently affirmed, or attested 
by more recorded facts of observation than that of the continuance of 
the Keewatin from Vermilion lake to the north side of Gunflint lake, 
and the unconformity of the Animike with the Keewatin at all places 
where the two formations can be compared. That it is the Keewatin, 
and not the Animike that holds the ore at Tower, this is no place to 
inquire. The reports of the Minnesota survey attest that conclusion 
in many places. If the facts stated in the Minnesota reports be not 
sufi^cient * 'evidence of equivalence*' of the formations at these two 
points to satisfy Prof. Van Hi^e, we shall have to abandon the effort 
to do so. The hypothesis of Prof. Irving that some portion of the 
Animike has got entangled with the older schists at a point (at Tower) 
twenty miles distant from its known line of strike south of the Giant's 
range, and that the Animike once was continuous over the Giant's 
range to that point, is, so far as we know, the only evidence (if it may 
be so classed) of the Animike age of the Tower rocks. Prof. Irving's 
mistake consisted in having supposed the differences in crystalline 
structure that he noticed between two sets of rock samples from the 
Vermilion lake region (viz. some from the true crystalline schists and 
some from the Keewatin, or semi-crystalline schists) were the ana- 
logues of the differences he noted between two other sets of rock sam- 
ples from the Marquette region (viz. some from the dioritic schists 
and greenstones and some from the iron-bearing fragmental Huronian) ; 
whereas these differences themselves are not only not of the same 
class, and are due to different causes, but the compared formations 
from which the samples were derived, do not occupy the same strati- 
graphic position. 

Prof. Van Hise's reference to Prof. Irving's description of carbonate 
of iron in the Vermilion ore constitutes an important correction of our 
paper. We had not observed the fact reported by Irving. It ought 
to be taken into account in further research on this subject. We have 
referred to and read carefully the whole discussion of this carbonate in 
the Tower ore by Prof. Irving,* and it bears to us internal evidence 
that there was possibly some confusion in the labeling of the speci- 
mens from Minnesota, and that the carbonate and the ''actinolitic 
magnetite slates'' containing so much carbonaceous matter were not 
from the vicinity of Tower, but from the Animike at some points on 
the Mesabi iron range. We have never found such in the region of 
Tower, nor at any place in the Keewatin formation, but they are a 

'Compare the 16th report Minnesota survey, pp. 67-71, 79, 80, 235, 
255-259, 323, 357-359; seventeenth report, pp. 87, 88, 91, 104, 108, 
110, 186. 

* Am. Jour. Sci. vol. zxxii, 1886, p. 269. 



386 Correspondence. 

characteriBtic of the Animike iron-bearing rocks of the Mesabi range. 
That there is sideritic iron in the Vermilion range we do not question. 
It is found in breccias and veins, but it is of secondary origin and not 
a primary constituent. It is found in large crystals in company with 
vitreous quartz, pyrite and coarse micaceous hematite. 

N. H. WiMCHBLL AND H. V. WiNCHELL. 

MinneaTpolU, Nov, 17, 1889, 



GiLSONiTE OB UiNTAiTB. This mineral was discovered by 8. H. 
GiLsoN of Salt Lake and has ever since borne the local name of Gilson- 
ite. -The first description, however, was published in a paper by Prof. 
W. P. Blake in the Engineering and Mining Journal of Dec. 26, 1885, 
under the name of Uintahite.^ Ue said : 

"It breaks with a conchoidal fracture, is very brittle, and has a hard- 
ness of 2 to 2.6, with a sp. gravity of 1.065 to 1.07. It is black, bril- 
liant and lustrous, with a rich brown streak, fuses easily in the flame 
of a candle, and has considerable plasticity when warm. It dissolves 
in the heavy oils and fats and in warm oil of turpentine. Ether dis- 
solves it in powder. It also dissolves in melted wax forming a com- 
X>ound resembling ozokerite. It is more fusible than Albt-rtite and 
Grahumite, heavier than Piauzite and contains less oil and gas than 
Wolongonzite." 
The following analysis is reported in the same paper : 

Carbon 78.43 

Hydrogen 10.20 

Nitrogen 2.27 

Oxygen 8.70 

Ash 40 



100.00 

With the added report on solubility — Bisulphide of carbon and chlo- 
roform dissolve it completely ; benzole dissolves 95 per cent. ; ether 
86.5 per cent, and absolute alcohol 9.5 per cent." 

^pirit of turpentine, it is said, appears to be the best commercial 
solvent of this mineral. 

The Gilsonite or Uintaite occurs near Fort Duchesne and the line of 
the Uinta & Uncompahgre Indian reservations. It occurs in a vein 
about 5 feet thick, with smooth sides traversing sandstone. The vein 
has been followed for about two miles and traced downward about on© 
hundred feet still retaining its full thickness. The upper twenty feet 
are somewhat comminuted by the weather, but not apparently altered 
in quality. 

It seems likely from other reports that there are other seams of the 
same or a very similar mineral in the neighborhood of the vein above 
described, and a company h&s been formed to work it in the hope that 
it will be suitable for the various purposes for which asphalt is now in 
demand, especially for paving. Thus far it has been used for the man- 



Personal and ScientiAc News- 387 

ufacture of black varnishes, for which purpose a large quantity was 
last year sent to Europe. 
Akron, 0., Nov. 1, 1889, E. W. Claypolb. 



The geology of the Montmobbnci. A correction in a date. The 
main object of the present note is to correct an error in dates as given 
at the head of an article as below. In the number of the Geologist 
for August, 1888 (vol. ii, pp. 94-100), is a reprint of an article by Dr. 
Emmons on the '' Geology of the Montmorenci." It is stated to be 
taken from the American Magazine, November, 1847." This date is 
wrong. It should be I841, The article is in volume one of the above 
periodica], pp. 146-150. No notice seems to have been taken of this 
error in dates, but it was called to my attention when fortunate enough 
to see the original paper, which, by the way, I was a long time in 
doing, because of the very error alluded to. 

There were only two volumes of the "American Magazine" pub- 
lished, and these cover the years 1841 and 1842. In the second volume, 
pp. 5-9, Dr. Emmons published another article in which he gives in 
detail the lithological features of the Hudson River rocks as seen on 
lake Champlain. He mentions their extent from Canada to Mexico 
and discusses the dislocation and change of position they have under- 
gone. He also discusses the period at which the dislocation took 
place, and illustrates his remarks by two diagrams. In one of these 
he shows a fault on lake Champlain with the Trenton lower than the 
CalciferouR. In the other the Hudson shales abut against rocks of 
Lower Helderberg age, namely, the Delthyris shale, Pentamerus lime- 
stone and Manlius waterlime. 

Wa^hingtony D, C, Nov, 19, 1889. Joseph F. Jambs. 
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At the meeting of the Boston Society op Natural His- 
tory, Nov. 6th, a communication from Prof. G. Frederick 
Wright stated the details of the finding of a small image at 
the depth of 320 feet in boring an artesian well at Nampa, in 
southwestern Idaho, about August 1st, 1889, with correspond- 
ence relating thereto. The image, which is about one and a 
half inches long, representing the human form, is made of 
baked clay, being identical in composition with the **clay 
balls," small lumps of irregular shape, that were found a little 
higher in the boring. It is a clay that has resulted from the 
decay of volcanic rocks, and in both cases it encloses micro- 
scopic particles of obsidian. The same kind of sand also is 
cemented on the surfaces of both by a slight incrustation of 
iron rust. The strata penetrated by the well are reported by 
Mr. M. A. Kurtz, who had charge of the work, as follows, in 
descending order : — soil and sand, 60 feet; lava-rock, 12 to 15 
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feet ; qiiicksacd, 100 feet ; clay, l] inchee ; quicksand, 40 feet ; 
clay, 6 feet ; quicksand, 30 feet ; clay, 12 to 15 feet, at depth 
of about 250 to 265 feet ; then, "clay balls mixed with sand," 
underlaiD by "coarse sand in which the image came up." and 
next "vegetable soil," resting on "sandstone." The well was 
bored at Nampa station, on a line of railway, about twenty 
miles southwest of Boise City ; the elevation of Nampa being 
about 2,500 feet above the sea, and that of Boiee City about 
2,875 feet. The image came into Prof Wright's possession 
through the courtesy of Mr. Gumming, general manager of 
the Union Pacific lines in that district, and of Mr. Charles 
Francis Adams, president of the Union Pacific railway com- 
pany, both of whom were at Nampa shortly after it was found. 
A letter from Mr. S. F. Emmons, of the U. S. Geological 
Survey, in response to inquiry concerning the geologic position 
of the beds penetrated at Nampa, states his belief that they 
belong to the Pleistocene, but are probably older than the 
gravel and sand beds in which human implements or other 
traces of man's presence have been found elsewhere in the 
United States, excepting, perhaps, in California. 




In the discussion following this paper, Profs, Putnam, 
Haynes, and Morse stated their opinions that the image ap- 
pears to be genuine, its condition and character being in keep- 
ing with the reported details of its discovery. Professor Cope 
apokeof his exploration of the foseil vertebrate faunas of that 
region, which would indicate for the Nampa beds a Pliocene 
or Pleistocene age. Mr. Upliam suggested that these beds, 
excepting the lava, may be referable to fluvial action during 
the glacial and postglacial periods, perhaps, therefore, 
being no older than the modified drift in which paliroliths 
have been found in New Jersey, Ohio, Indiana, and Minnesota; 
and ]>r. Fewkes remarked upon the Quaternary and even very 
recent age of various lava-flows in the western United States 
although at the present time no active volcano exists there. 

The Kansas Academy ok Science, held its annual session at 
Wichita, on the 24th, 25th and 26th of October, 1889. The pro- 
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gramme contained a long list of papers on various subjects. 
In Entomology, the paper of Prof. Snow, of the State Uni- 
versity on the propagation of a fungoidal disease amongst 
chinch bugs, and the wide spread destruction of the pests ap- 
parently resulting therefrom, elicited considerable discussion 
m which Dr. Kellerman and Prof. Popenoe of the State Agri- 
cultural College, took part. Future seasons will have to de- 
termine whether this year's results, are general, or owing to 
special conditions. In electricity professor Blake outlined 
the principle of a micro-telephonic apparatus, by which sound 
signals may be conveyed under water to ships at sea or from 
ship to ship at a distance of upwards of two miles. In oth- 
er departments of science many papers of more than technical 
interest were read but in geology the papers were few, though 
several on minerals and mining attracted much attention. 
Hon. J. R. Mead of Wichita had an interesting account of placer 
gold-mining in Montana and Dr. Newton of Oswego, sent a 
paper on some glacial (?) stride in southern Kansas which 
places on record some valuable observations even though its 
conclusions be not taken without reservation. Prof. Cragin 
had some titles of interest on the Comanche Cretaceous, etc. 
but owing to his late arrival the papers were not read. Prof. 
Hay, who has recently been investigating several groups of 
artesian wells with special reference to their availability for ir- 
rigation, had a paper on the causes of the flow of these wells. 
While attributing most of them to the ordinary cause of arte- 
sian wells, the writer gave examples in which the column of 
water is held up to the point of overflow by inflow of gas. 
Others were given in which the flow of the wells, which is in 
each case small and the depth considerable, was attributed to 
rock pressure, rather than to gas or hydrostatic pressure. The 
last day of the session was given to an excursion to Kingman, 
forty-five miles west of Wichita where salt-making processes 
were examined at three plants, and the salt mine was visited, 
though, owing to temporary disarrangement of the machinery, 
no one could descend ; yet the party secured abundance of 
specimens of the rock salt which has been brought from an 
eleven foot vein at a depth of 800 feet. The entire session of 
the Academy was a success, not the least successful part being 
the public lecture on the chemical components of the human 
body by the president. Prof. D. H. Dinsmore of the State 
Normal College. Prof. Failyer of the Agricultural College is 
the president elect. 

The irrigation problem in Dakota has been the subject of 
a review by Prof. Culver, of the Dakota University. Two 
plans were considered, that of artesian wells and that of a 
system of canals fed by ihe Missouri river. It appears that 
large areas in South Dakota can be irrigated by artesian water. 
The Sioux quartzyte, that underlies Union, Clay, Lincoln, 
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Turner, Yankton, Hutchinson, Hanson, McCook, Minnehaha, 
Moody and Lake counties, would probably prevent this plan 
in that part of the state. The first artesian well was obtained 
in 1884. Since then more than 100 successful wells, scattered 
through thirty or more counties, have been sunk, showing the 
wide extent over which the favorable conditions are known to 
exist. These wells give pressures varying from 5 to 170 pounds 
to the square inch, and flow from 4 to 4,000 or 5,000 gallons 
per minute. Making a careful calculation of the needs of the 
country, and balancing loss and gain from different unknown 
or uncertain causes of variation, Prof. Culver reaches the con- 
clusion that three wells per township, each flowing an average 
of 3,150 gallons per minute, and costing each from $1,000 to 
$1,500, would supply water sufficient for all agricultural pur- 

Soses. He also ttiinks the geological and topographical con- 
itions are favorable for such a plan. The second plan is 
nothing less than a proposition to divert a part of the Mis- 
souri river, via Fort Stevenson, on the southern border of 
Stevens countv, through the narrowest part of the coteau, 
across North Dakota, east by north, carrying it south of 
DeviPs lake, thence eastward and southward, skirting the west 
flank of the Coteau de Prairie, emptying partly into the Souris 
valley, partly into the Red river of the North and partly into 
the James river, and by numerous irrigating canals to so 
disseminate it as to make it water all the country into which it 
can be carried. This is a feasible and comprehensive plan 
the chief obstacle to which is its costliness. It might interfere 
with the navigability of the Missouri at some lower points, but 
it is evident that the rights of irrigation are anterior and 
superior to those of navigation. Commerce can subsist only 
in countries that are habitable and productive. 

Rkport of the committee on the international congress 
OF GKOLOdisTs. Siucc the last meeting of the A.A.A.S. the 
London Congress has been held, at which a fair representation 
of American geologists was present. The reports of the 
American Committee having been approved by the unanimous 
vote of Section E at the Now York meeting of the A.A.A.S. 
were, with a few additions (not obtainable for that meeting 
but unanimously approved by the committee) presented to 
the Congress and distributed among its members. 

Mr. Toplcy, the general secretary, ordered a large edition of 
the American volume, with pagination altered to suit the 
needs of the volume of the Congress which he was editing. 

It has been decided to issue the geological map of Europe 
in installments of one or more of the sheets at a time, instead 
of waiting until the whole map is complete, and this has ren- 
dered it necessary to make special arrangements for the deliv- 
ery of these sheets to the American subscribers who now num- 
ber the one hundred required to make up the sum paid by the 
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"large countries." Unfortunately the undersigned have not 
received any response to the letters addressed to Mr. Hauche- 
come of the executive committee on the map, and are therefore 
xmable to propose a plan of distribution. 

The London Congress decided that the next session should 
be held in Philadelphia, Pennsylvania, United States, and ap- 
pointed a provisional committee to take such action as mignt 
appear best to provide for the session. This committee 
appointed a larger committee, of which Dr. Newberry is chair- 
man. 

Your committee reports progress and asks to be continued. 

James Hall, Chairman, 
Persifor Fbazer, Secretary. 

This report was adopted and the committee was continued. 

The second annual meeting of the Western Society of Nat- 
uralists was held at Madison, Wis., Oct. 23rd and 24th. Pres- 
ident T. C. Chamberlin gave an evening adflress on **The 
method of multiple working hypotheses." Much of the time 
of the meeting was given to a discussion of methods in inves- 
tigation and instruction and the exhibition of apparatus. 
Profs. Barnes and Van Hise discussed laboratory microscopes 
and petrographic methods. Profs. Arthur, Bessey, Salisbury, 
McMillan and Birgo carried on an interesting and profitable 
discussion of "Laboratory facilities in vegetable physiology," 
and **What to do with a beginner in botany." There was an 
exhibition of the Newton and Wright electric projecting micro- 
scope. Profs. Birge, Nachtrieb and Barnes read papers on 
"Elementary bacteriology in college courses," 'Taking of 
food by certain protozoa, especially Paramopcium," and 
"Recent methods in histology and embryology." 

The Society adopted a resolution urging the free importa- 
tion of scientific books and apparatus. 

The following officers were elected for the ensuing year : 
Prof. C. E. Bessey, Lincoln, president; Dr. E. A. Birge, Mad- 
ison, vice-president ; Dr. J. S. Kingsley, Lincoln, secretary; 
Dr. Stanley Coulter, Lafayette, treasurer; the time for the 
annual meeting was changed to November and the next will 
be held at Lafayette, Ind. 

In the July number of the American Geologist mention 
was made of the finding of the teeth of a mastodon by Dr. 
Stephen Bowers in Ventura, California. The doctor refers 
them to Mastodon shephardi. He also discovered what he 
believes to be the remains of the large llama, Holomeviscus 
californicus. He also reports Eqiius occidentalis from that 
locality, and remains of a large seal, Eumetoppias stelleri. 
Of the latter he found the skull, teeth, vertebra and other 
bones. Also the remains of whales, the vertebrae measuring a 
foot in diameter. The most numerous remains of the whale 
are those of Escrichtius davidsoni. He has also found the 



392 Personal and Scientific Nems. 

teeth of Carcharodon rectus somewhat numerous, while inver* 
tebrates have been collected in Ventura county in great abund- 
ance. It is a rich field for the geologist, and has an important 
bearing on the physical history of California, and of the Pacific 
slope. 

Mr. R. G. McConnell, of the Canadian geological survey, 
has returned from his inspection of the region between the 
Peace and Athabasca rivers. He commenced about 300 miles 
north of Calgary and extended his operations for some 300 
miles further north to the vicinity of Vermilion. The region 
embraces an area of 30,000 or 40,000 square miles. Little oif 
this tract was ever explored before by white men. A great 
deal of it is good farming land, but swamps abound and make 
it unfit for settlement. The trees are pnncipally spruce and 
poplar. Speaking of the deposits of oil reported to be there, Mr. 
McConnell said he certainly found quantities of tar, indicating 
the presence o# oil, but just in what quantities it existed he 
was not prepared to say before making his reports. 

Prof. Arthur Win.slow, state geologist of Missouri, has 
entered upon the active prosecution of the survey. His head- 
quarters will be at Jefferson City. He has made the following 
selections for assistants : James D. Robertson, Washington 
University, St. Louis, assistant geologist; Dr. Hambach, 
Washington University, St. Louis, assistant palaeontologist; 
Elston Lonsdale, Columbia, aid to the palaeontologist; Leo 
Gluck, Lamonte, aid and mining engineer; Prof Walter P. 
Jenncy, of the U. S. Geol. Survey has been assigned work in 
surveying the lead and zinc deposits in co-operation with Prof. 
Robertson. 

Artesian water from the Archean. Operations of the 
Minnesota Iron Company at Tower, Minn., in sinking diamond 
drills into the Kcewatin rocks to determine the position and 
extent of the ore deposits, have resulted in producing artesian 
or llowing wells in several instances. The water is pure and 
cold, and flows at the rate of three gallons per minute from 
the depth sometimes of over five hundred feet in the oblique 
direction of the drill, or about two hundred and fifty feet per- 
pendicular depth. It is found to be useful and valuable at 
the mines. 

Professoh Daniel Kirkwood, for many years a professor 
of astronomy in the Indiana Statu University at Bloomington, 
has removed his residence to near Riverside, in southern Cali- 
fornia. 

Dr. Leo LEs^iCKREUx, the eminent pal.kohotanist, died 
at Columbus, O., Friday, October 25th, in his eighty-third 
year. In a subsequent number of the Geologist will be given 
an appropriate sketch of his life and work. 
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ERRATA. 

p. 223, three linps from bottom, for "west of Pecos" read eaist oj Pecoi. 

p. 233, eight lines from bottom of page, instead of "before" read a//cr; instead 
of ''S E." read A'. H . 

p. 94, vol. III. Tbedatc of publication of the article of Emmons was 18il, in- 
stead ]b47. 
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